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INTRODUCT I ON 
The need to provide current information on the con-
dition of our agricultural resources has never been as 
apparent as at the present time. The world dema11d for 
agricultural commodities has caused our agricultural 
exports to increase. The problem of satisfying worldwide 
demand and still maintaining adequate focd supplies at 
home requiTes that up-to-date information on the condition 
of cur fcod resources be prcvicled. 
lnformation in the past has been furnished by the 
Agricul tur�d st·abil iz.ation and Conser-.1ation Servi c.e and 
the Crop Reporting Service. This information has b�en 
largely historical in nature due to the �i�0 reo�ired to 
compile and evaluate it. 
The advf;nt of xemoto sej!�d.n.s; hn� added a neV<: tocil to 
aid �.n the collecticn o·!� CU1'l"'2!Ht inforrnc::.tio:i.1 c;rncernir:g 
-b E' (-' ·· \ 1· ... 1 ... ' -:. ,, ·•· .; " '.:i t A c1 ·1yi1 t· ... 11 r� J ' 1.L � . . l .. \: ',,_ • ;· l ... -L 6 (,... .,., " �$.. ;, .� \. ' � 1 � �reas neGded to be 
} Ll s. -l. s t� ch ::::t d. a. ti:.. co 1. L R c t i on s y s t em . \11i :i. t h an n J t i t u ·:� c o f 
1 
90 0 kilometers, the satellite p ro v i d es synoptic coverage 
of the earth's surface. In addition , the nature o t its 
o rbi t pe�mits coverage of any given portion of the earth's 
surface to b e  repeated at 18 day intervals. 
I n f o rmat ion from ERTS- 1 h as potential applications 
for surveying crops in relation to area and condition. 
Applications also exist for irri g ated land surveys, range 
eval u ations , and land us e s t u di e s .  
In order for i n formation from ERTS-1 to be of any 
use for c rop resource inv e nt or ies , a m etho d  of accurately 
identifying crops using imagery from the satellite must 
be found. T herefo re, an investigation was conducted: 
of ERTS-1 imagery using tested st at i s ti c a l procedures 
and 2) to test ERTS-1 data against ground based measurements 
to determine the capabil.ity o f  ass essing crop parruneters 
on a regio n al bas is. 
2 
LITERATURE REVIEW 
The remote sensing techniques used in this study 
are entirely dependent upon the interaction of short-
wave solar radiatibn with crop and soil surfaces. It 
is the shortwave solar radiation reflected frm�1 various 
s urf aces that is detected by the sensors on the 2arth 
Resources Technology Satellite (ERTS). 
Solar Radiation 
The sun emits radiation according to the Stefan-
Boltzmann law· 
Flux = aT4 (1 ) 
where cr is the Stefan-Boltzmann constant (8.14 x 10-ll 
., - ') . -1 ca.J.. cm '-' m1.n K-4), and Tis the absolute temperature 
of the radiating body in degrees Kelvin (K). c ·  01nce 
the su.n has r:m effective temperature of 5800 degrees 
Kelvin, its T&diative flux according to equation (1) 
Th,_; 'ilavelength of maximum emission intfmsity cf the 
sun is given by the Wj.en displacement law 
�max (µm) = 2,897 r-1 
whe r-e /.max ::. :::. the �·: :::i.vc� 1. eng th <:; f the maxir�un . . . ('TI� 1_ !: � J. 0 Tl 1 n 
micrometers (1 and T is the ab.:;olute 
temper at·u r f- of the rad :i. a.t iag body in dez.;r c:: cs Ke 1 v .i .n . 
By equaticn ( 2 · 1 ., ·�: J:·. c v; av c 1 e n g th o f m � x il�n.un em is s i n.n .... ,.• . .. _  
3 
of the s un is n ear 0.5 µm. 
Approximately 99 percent of. the s un's radiati o n  i s  
sho r twav e from 0.15 µm to 4.0 µm (S e lle r s , 1969). Accor-
d i n g  to Sel l ers , 9 p e r cent of the s o l ar radiation is 
ultravio let (0.15 µm - 0.4 µm), 45 pe r c ent- is vi s i ble 
(0.4 µm - 0.74 µm), and 46 perc en t  i s  infrared (0.74 µm -
4.0 µm). 
Of t h e  2 cal cm-2 min-1 of in ciden t solar radiation 
at the t o p of the e arth's atmos pher e , app ro x im ate ly 30 
per c ent i s  r eflec t ed back i nto s pace by clouds and at­
m o spheric constituents; 17 p e r c ent is ab sorb e d  by cl ouds 
an d atmos p heri c con s t i t u ents ; and 22 percent r eacJ1 e s  th e 
surface of the e a r t h as d iffuse sky radiation (Sellers, 
1969). The rem a i n ing 31 p e r cent r eache s the grcund as 
dir e c t s o lar radia t i o n. 
The diffus e and direc t solar radiation which �eaches 
the earth's s urfac e can be reflected, absorbed, or trans-
mitted by the s urfac e. The relationship between these 
three p ro c e ss e s is given in t h e  e quati on 
a + B + v = ] I . (3) 
�here a is reflectance, s· is absorp t an ce, y is trans-
mittanc6, and unity is the i n c id en t  sol a r  radiation 
(Bow�rs and Hanks, 1965). When .solar radiation i11teracts 
with plant surfaces, all t h re e of the processes occur. 
When s olar · r ad i a t i on in tera cts w i t h  s o ils , transmittance 
4 
is near zero ana equation ,.3) becomes 
a + S :::. 1 (4) 
By equation (4), an increase in reflectance of soils 
is accompanied by a decrease in absorptance. 
Soil Reflectance 
Reflectance of soils is influenced by several surface 
properties afid indirectly influenced by subsurface water 
content. Bm1iers and I-la:nks (1965) showed that an increase 
in the water content of scils resulted in a decrease in 
reflectance. 
Texture is an important property affecting soil re-
flectance. For labora�ory dispersed soils, reflectance of 
a fine textured soil such as clay is less than the reflec-
ranee of a. ccarse textured soil such as sand. For undis-
turbed fic::J.d. soils: the opposite may be true. 
Myer::, and Allen (1968) :f0�1nd that .fc-r und.ist"'-.ffbed 
re po rt e:d that £ iu8 tex turt.:;d so :ii s had 1 owe:;� -ref 1 cc t ance 
than <:oars.:.: textu:ccd soil:;. Thi..:; d:iscrepa:n.cy may be rec-
tha '!:: the 
i- . .... ,_ - . .., . "'T" <'"'.' ... T' • -.. -� ·n .-.. (� 1 ,.. l .-:·-.. . � -'- -,,-.· ) c·· t j 1 �· •'.'l, 
_ _: 1 n e '-- 2 �CL u re G s c .L t � g 1 \f ·-· :;- - 1 � I,.:., ii.. ':L .� -"- ..._, U- .J. / _, f., • I � . .  t.,. 
,...,_ - .. � - ,.. t+ - � · -· - _._ ... ·· ;·  -� - -.. . 1 i· -.• '." (_) T .-• •  ·.�r.�·_, t.·,-_1. ·,, ··.t-1_ ,·'l ... - f"f . . -:. r-:, +..__ (::C.:.L .1 'J T ? �·l. L . .";.. \ ... �iiC. ·-� L ' .. ;�� �Jt·.:: l ! ... , ..... .._ .t4 ·J. r • _ J -  -- - ... _ - -' -
ref J. e ct ax:1 c e. 
5 
matter on tent.. Myer�. !Etd AJ.l er.� (196 8) f ,Jt.md tr ci. "·· the 
TC fl e Ct a 11 Ce ." Il th C: 0 . S � 1 .m t 0 0 . �· /� ].l Ti1 r � n g t� W a S J e S r f Cl T 
so i 1 s w i th a high :i ,� o n cont c n t . 
The reflectance of soils is also inf .luer1ced tyy ti 11 age 
practices. Plowing reduces soil reflectance by exposing 
the moist subsoiJ. and by increasing the s11rface · roughness 
of the soil. 
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Spectral reflectance, tran_mittance and ab­
sorptance for a typical plant leaf. (After 
Gates, 1970). 
Figure 1 shows typical reflectance, abscrptance, and 
transmittance curves for a pJant Jeaf. Accorclillg to Gates 
(1970), a typ ical leaf spectra is characterized by low 
reflectance and high absorptance in the ultraviolet 
6 
and blue, �educed absorptance in the green, high absorp-
tance in the red, lov1 absorptance and high reflectance 
and transmittance in the near infrared (0.74 µm - 1.5 µm), 
and high absorptance in the far infrared. Maximtlm absorp-
tance in the visible region occurs in the chlorophyll 
absorption bands at wavelengths of 0.47 µm and 0.68 um 
(Myers and Allen, 1968). In the range of 0.74 µm to 
1.5 µm, little of the solar radiation is absorbed. Forty 
to 60 percent of the radiation between 0.74 µm and 1.5 µm 
is reflect�d a�d the remainder is transmitted through the 
leaf (Knipling, 1970). Liquid water absorption bands 
appear at 0 . 9 7 µ m , l • 21 µ m , 1 . 4 5 µ m , and 1 • 9 5 µ m • 
The �;pcctrD..1 reflectance .f8r a l:ealthy! chlorophyll-
conta�ning leaf remains nearly invariant throughout the 
growing s (�a son. The only significant cha:nges oc:cur at 
the beginni�g and end 8f the growing season� Gupta and 
"Wool 1 ey ( 19 71) f cm.Ed that at the beg i !1ning of U10 g-:ow-
ing season the rcflecta:1ce of young soyb0an le<�ves in 
the visible regio11 decreased as chlorophyll content of 
during lea£ se�e��ence, chlorophyll breakdo�n is accom-
par�i!,;d by an :i.ncrei!.se i.n the ·'i:-isiblc reflectance o:f the 
·• f r 1-· "l (' 7 () ). . .1 ea :._ ._:; rl l �:. s .� .l :J I J t 
Spectra.J.  Char:.t.cte:ci:-; tics of Pl a.�1 t Canopies 
In reality> it is the s�ectr�l characteristics of 
7 
I 
a p l an t  c an o p y  and i t s  s o i l  b ac kg r o und t h a t  a r e  o f  c on -
c e rn t o  ag r i c u l tu r a l r em o t e  s en s ing r a t h e r t h an t h e  
s p e c t r a l  c h ar a c t e r i s t i c s  o f  i n d i v i d u a l  l e av e s . The 
p l an t  c a no py r e f l e c t anc e is a m o d i f i e d v e r s i o n  of in -
d h ti du a l  l e a f  r e f l e c t an c e . T h e  v i s ib l e  r e f l e c t an c e  o f  
a fi e a r ly c on t i nu o u s , b r o a d - l e av e d  c a n opy m i g h t  b e  3 t o  
5 p � r c en t �h i l e  t h e  c o r r e s p o n d i ng v i s ib l e r e f l e c t anc e 
o f  a s i ng l e l e 2.f  m ay b e  l O  p e r c en t . L j  kew i s  e ,  n e a r i n -
f r a r e d  r e f l e c t an c e o f  a can o p y  m ay b e  3 5  p e r c en t  �h e r e as 
t h e  c o r r e s p c nd i 11 g n e ar i n f r a r e d  r e f l e c t an c e  of a s i ng l e  
l e a f may be 5 0  p e r c e n t . Th e nea r i n f r a r e d  r e f l e � t an c e 
i s  r e du c e d  b y  ab ou t  3 0  p e r c e n t  c omp a r e d to a 6 0  p e r c e n t  
r c du � t i o n o f  v i s i b l e  r e f l e c t an c e du e t o  a p o r t i o n  of t he 
t r an smi t t e d  i nc i d e n t  r a d i s t i o n f rom t h e  upp e r  l e av e s  
b e i n g  r e f l e c t e d f r o1n l ow e r l e av e s  an d r 0 t r an s m i t t 8 d t h r o u g h  
upp 8 :r  1 c av e s  t o  en h a !l c e  t h e  c an opy r e f l 0 c t o.n c e ( Kr1 i p l i ng , 
1 9 '7 0 ) . 
Refle ctan c e  V ar i a t i o n s  0 £  P l an t  C a nopi e s  
I n  a dd i t i on t o  r e f l e c t an c e  <l i f f 8 re n c e s  b e t w e en 
� n l ; · �  -t .. � 1 a ·· n l a  t .L � c. � � _ ,_.1 J. .- .n � l e av e .s  a n :l  t h e  p l a n t  c an o py a s  a who l e ,  
r e f l e c t a� c e d i f f e r e n c e s  e x i s t  b e t w e e n  p l an t  c an op i e s . 
T h e ::- �.: r c-s f 1 c: 1..-: -:: ,��T1 C C  \r ar i a t i o :.n s  a. r e i n f l u e n c e d  ·oy t h e amo unt 
c f '� x po s c: 0. ·: c . i  1 b a c k;;, r c u  n d , t h  e s ;:. a g e c :f �11 a t  u :r i t y o f t h e  
r ·1' " ' ��. ·- ·1 · 1 .... · � r <) '  T.:J 1� --� r 1- ·� c e c:· c ·:� o p d i <: e a c::- o c. c r op g e 01:: 8 t r y· , ._ ....... 1 .... : � '"'' .. - l.. 'lt..4 1 4.  ... \.. �. • c- - """ � " """ ;;:) ' - . - .. ) . .. ,, ..... - -:: 
c::.n d  c- n v i :r cmmc-; n t a l  ·v a. r i c} b 1 e s ( Ho f f e r , 1 9 6 7 a ) . 
8 
Th e am oun t o f  s o i l b a c k g r ound ( p e r c e n t  g r o und c o v e r )  
o f  t h e  c ro p  c anop y i s  on e o f  t h e  mo s t  s i g n i f i c an t  f a c t o r s 
c au s i n g  r e f l e c t an c e  va r i a t i o n s  b e tw e e n  p l an t  c an o p i e s . 
G a t e s  ( 1 96 5 )  found t h e  r e l a t i o ns h i p b e tw e e n  r e f l e c t ed 
s h o r tw ave r a d i a t i o n and t h e  amo un t o f  e xp o s e d s o il f o r  
a t yp i c a l  c r o p  c an o p y  t o  b e  
Q = 0. 3 0  - 0 . 0 9 £  - 0 . 0 3 £ 2  ( 5 ) 
whe re Q is t h e  c an op y r e f l e c t an c e  and f i s  t h e  fract i on 
o f  s o i l  e x p o s e d .  
Th e amount o f  exp o s e d _s o i l  i s  r e l a t e d  t o  p l an t i ng 
d at e , p a r t i cu l a r l y  f o r  t h e e ar l y p ar t  o f  t h e  g r ow in g 
s e a s o n . I f  a l l  o t h e r  f a c t o r s  r e ma i n  i nva r i an t , a h i g h e r  
p e :r c e n t  e -r o un <l  c ove r w i.'J J e x i s t f o r a c r o:p p l an t ed o n  
May 1 t h an f o r  a c r o p  p l an t e d  o n  May 1 0 . 
U n e v e n  g e rm i n a t i o n m ay c au s e v a r i a t i o n s  i n  t he 
p e r c e n t  g ro un d  c o v e r b e tw e e n  f i e l d s  o f  t h e  s am e  s p ec i e s  
as w e l l  a s  w i t h i n a f i e l d .  
T h e  g r ow t h  o f  t h �  p l an t s  · and t h e  p e r c en t  g r ound 
co v e r o f  a c r o p  c an o p y  i s  a f f e c te d  by s o i l  t yp e . P r i o r 
t o c omp l e t e  c an op y  � o v e r , s o i l  typ e  d i f f e r e n c e s  w i l l  
c aus e r e f l e c t an c e  v a r i a t i on s  in al l wave l e ng t h  b ands 
b e tw e e n  O .  3 µm aad 1 4 . 0 µm ( H o f f e r , 1 9 6 7 a ) . S o i l  s a l i n -
ity and a l k a l i n i t y als o  a f f e c t  t he g r ow t h  o f  t h e  c r o p  an d  
t h e  p e r c en t g r o und c o v e r  ( B u c kman an d B r ady , 1 9 7 1 ; Tho r n e  
and Pet e r s o n ,  1 9 5 4 ) .  
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S o i l  mo i s tu r e  i n  r e l a t i o n  t o  s o i l  typ e a f f e c t s  t h e  
p e r c e n t  g r ound c o v e r . F o r  ma r g i n a l  r a i n f a l l c o n d i t i o n s , 
a we l l  d r a i n e d , s andy s o i l  i s  m o r e  l i k e l y t o  have i nad ­
e q u a t e s o i l  mo i s t u r e  t h an i s  a l o amy s o i l . F o r  ex c e s s i v e  
r a i n f a l l c on d i t i on s , p o n d in g  may o c cur o n  a c l a y e y  s o i l 
b u t  no t on a we l l  d r a in e d  s i l t  l o am .  B o t h  ex c e s s i ve 
s o i l  mo i s t u r e  i n  t h e  f o rm o f  p o n d i n g  and i n ad e qu a t e s o i l  
mo i s tu r e  a f f e c t  eme rg e n c e  and g row t h  o f  p l an t s . P o nd i ng 
o f  w a t e r  o n  a p o o r l y  d r a i n e d  s o i l  m�y a l s o d e l ay the 
p l an t i n g  d a t e  o f  the c r o p . D r oug h t  c o n d i t i on s  l a t er 
i n  t he g r ow i n g  s e a s o n  may c au s e  t h e  l e av e s  o f  t h e  p l an t s  
t o  w i l t  an d e xp o s e  mo r e  o f  t h e  s o i l  b e t w e e n  the r o w s . 
Ma t u r i t y  d i f f e r en c e s  a r e  r e s p o n s ib l e  f o r  r e fl e c t an c e  
v a r i a t i ons b e twe en p l an t  c an o p i e s , p ar t i cu l ar l y  f o r  l a t e r 
p e r i o d s  i n  t h e  g r ow i n g  s e a s o n .  V a r i a t i on s  in s t a g e  o f  
matu r i ty ar e r e l at e d t o  d i f f e r e n c e s  i n  v ar i e t y  and . p l an t ­
ing d at e .  
Va r i e t i e s o f  t h e · s ame s p e c i e s  wh i ch m a t u r e  a t  d i f f e r ­
ent r a t e s  w i l l  c au s e r e f l e c t an c e  v a r i a t i o n s . An e ar ly 
m a t u r i n g  var i e ty w i l l  r e a c h  s en e s c en c e  a t  an e a r l i e r  
P e r i o d o f  t h e  g row i n g  s e a s o n t h an w i l l  a l a t e r ma t u r i n g  
var i e ty . S i n c e t h e  app r o a ch o f  s en e s c e n c e  me a n s  an 
i n c r e a s e i n  v i s i b l e  r e f l e c t an c e  · an d a d e c r e as e i n  i nf r a ­
r e d  r e f l e c t an c e , t h e  s p e c t r a l  cha r a c t e r i s t i c s o f  t h e  e ar ly 
m a t u r i n g  v ir i e ty a t  s en e s c en c e  w i l l  b e  m a r k e d l y  d i f f e r e n t  
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f r om t he l a t e r  m a t u r i n g v a r i e t y wh i ch i s  s t i l l g r e e n . 
Va r i e t a l d i f f e r en c e s  i n  c o r n  a r e  p ar t i cu l a r l y  n o t i c e ­
ab l e  du r i n g  t a s s e l i n g . T a s s e l i ng i s  ac c o mp an i e d  b y  a 
d e c r e a s e i n  in f r a r e d  r e f l e c t a n c e  ( Ho f f e r , 1 9 6 7a) . A 
v ar i e ty o f  c o rn �h i ch t as s e l s  e a r l y  w i l l  d i s p l ay an i n ­
f r a r e d  r e f l e c t an c e  wh i ch i s  d i f f e r e nt f r om a v a r i e t y  t h a t  
h a s no t r e ac h e d t h e  t a s s e l i n g  s t ag e . 
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D i f f e r en c e s i n  p l an t i ng d a t e  have mu c h  t h e  s a me e f fe c t  
o h  m a t ur i t y a s  v a r i e t a l d i f f e r e n c e s . V a r i a t i o n s  i n  s t ag e 
o f  m a t u r i t y du e t o  p l an t i n g  d at e d i f f er en c e s  a re - mo s t  
app a r e n t  d u r i n g  s e n e s c en c e  ( H o f fe r , 1 9 6 7b ) . I f  a l l  o t h e r  
f ac t o r s r ema i n  i nv a r i an t , a w e e k ' s d i f f e r e n c e i n  p l an t i ng 
d a t e b e tw e e n  tw o f i e l d s o f  t h e  s ame v a1 i e t y w i l l r e s u l t 
in m a t u r i t y  and r e f l e c t an c e  d i f f e r e n c e s  l at e  i n  t h e  
g r ow i n g  s e a s on .  
Cu l tu r a l  p r a c t i c e s  s u ch a s  h a rv e s t in g  a n d  f e r t i l i ­
z a t i o n  a r e  r e s p o n s i b l e  f o r r e f l e c t an c e v a r i a t i o n s  b e tw e en 
p l an t  c ano p i e s . H ar v e s t i n g  o f  c ro p s , e s p e c i a l l y h ay c r o p s  
s u ch as a l f a l f a  wh i ch i s  cu t p e r i o d i c a l l y  d u r i n g  th e g row ­
i ng s e a s o n , c au s e s  c on s i d e r ab l e  v a r i a t i o n s  i n  r e f l e c t an c e .  
H o f f e r ( 1 9 6 7 a )  c omp a r e d  t h e  r e f l e c t an c e o f  a h a rve s t e d 
a l f a l f a  f i e l d  w i t h  an un cu t f i e l d . L i t t l e  r e f l e c t an c e 
d i f f e r e n c e s  b e tw e e n  0 . 4 1 µ m  and · 0 . 5 6 µ m  w e r e  f ound . 
B e t w e e n  0 . 6 2 µm and 0 . 6 8 µ m  in t h e  r e d  p or t ion of t h e  
s p e c t r um , ih e  h a rv e s t e d  a l f a l f a  wa s found t o  h av e  a much 
h i g h e r  r e f l e c t a n c e t h an t h e  unc u t  a l f a l f a . I n  .t h e r ang e 
o f  0 . 8 5 µ m  and 0 . 8 9 µ m i n  t h e  i n f -r a r e d , t h e uncu t a l f a l f a  
w a s  f o u n d  t o  h av e  t h e  h i g h e r  r c f l e c t an c e w  T h e  a n o un t  
o f  r e g r mv t h  o f  a l f a l f a  an d o t h e r  h ay c r o p s  a f f e c t s  t h e 
s p e c t r a l  r e f l e c t an c e . T he f i e l d s w i t h  t h e  g r e a t e s t 
am o un t o f  r e g r o w t h w i l l  h ave t h e  h i g h e s t r e f l e c t a n c e i n  
t h e  i n f rar e d , 
Th e l ac k  o f  f e r t i l i z at i on t o  co r r e c t nu t � i e n t  d e f i -
c i e n c i e s may r e s u l t  i n  r e f l e c t an c e  v a r i a t i on s  w i t h i n  a 
c r o p  s p e c i e s . Nu t r i e n t  d e f i c i e n c i e s  c an a f f e c t  c an opy 
r e f l e c t an c e  in two w a y s . F i r s t l y , d e f i c i e nc i e s c an r e du c e  
t h e  c r o p  v i g o r  an d r e s u l t  i n  a n  in c r e a s e i n  t h e  exp o s u r e  
o f  t h e  s o i l  b a c k g r ou n d . S e c o n d l y , t h e r e f l e c t an c e o f  
i n d i v i du a l 1 � a v e s c a n b e  a l t e r e d  b y  nu t r i ent d e f i c i enc i e s . 
My e r s  e t  a L  ( J. 9 7 0 )  f o un d  t h a t  t h e  r e f  . e c t an c e  o f  n i t r o -
g e n - d e f J. c i e n t  � w e e t  p epp e r  l e av e s  w a s  i ncr e a s e d  ·. i t  t h e  
r a n g f?  o f  0 . 3 8 µ m  t o  1 . 3 µ m  a n d  w a s  d e c r e a � e d  i n  t h e  r an g e 
o f  1 . 3  µ m  t o  2 . 5 µ m .  H o f f e r  ( 1 9 6 7 a )  fo und t h a t r o � a s s i um 
d ,.. . . . e r J.. c 1 e n :. ·  e s  � f £ 0 c t e d  t h �  r e f l e c t an c e s  o f  s ev e r a l c r o p s  
bu t t h a t p h o s ph c r o u s  d e f i c i e nc i e s  h ad l i t t l e  E: f f t.� c t . 
Th e g e om e t r i c  c o n f i gu r a t i o n o f  a. c r op i n f l u e n c e s  
i t s r e f l e c t an c e  b y  a f f e c t i n g  p e r c e n t  g r o urid c o v e r . T h e  
p :c .im a r y  c oinp o n � n t s o f  a c 2 .no p y ' s g e on. e t r i c  c D n f i g u :- a t i o n  
a r e  r ow s p a c i ng a n d  r o w  d i r e c t i o n .  T he cr o p s  w i t h  t h e 
g r e a t e s t  row s p a c i ng w i l l  h a v e  t h e  g r e a t e s t amo u n t  b f  
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exp o s e d  s o i l  b e tw e e n t h e  row s  i f  a l l  o t h e r  i n f luen c e s  
r ema in ·_ i nv ar i ant . I ds o  and Baker ( 1 9 6 7 )  c a l c u l at e d 
the f r a c t i o n  o f  e x p o s e d  s o i l fol"  a S O  p e r c e n t  g r o und 
cover c r �p · as a fun c t i o n o f  t ime fo r tw o d i ff e re n t row 
d i re c t i ons . T h e y  f oun d th a t f o r  no r th - s ou t h  r ow s , t he 
f r ac t i o n  o f  s u n l i t  s o i l  w e n t  f r o m  z e ro at  s unri s e  to  
0 . 5 0 a t  s o l a r noon and t h e n  de cr e a s ed t o  z e r o  a t  s un s e t . 
F o r  e a s t - w e s t r ow s , t h e  f r a c t i on o f  s unl i t  s o i l  r e a ched 
a max imum o f  0 . 5 0 a t  0 7 3 0  h o u r s , d e c r e a s e d t o  a b o u t  
0 . 3 5 a t  n o o n , a n d  t h e n i n cr e a s e d t o  0 . 50 at 1 6 3 0  h our s . 
D i s e as e  c on d i t i o ns ma y a ff e c t  r e fl e c t an c e  o f  p l an t  
c an o p i e s  i n  t wo w a y s . F i r s t l y , d i s e a s e s wh i ch r e du c e  
plant si z e  a f f e c t t h e  p e r c en t  g r ound c ov e r . Ho f fe r  
( 1 9 6 7 a ) d i s cu s s e d t he d e t e c t io n  o f  Ve Y t i c i l l um wi l t  in 
p e pp e rm i n t  b y  the g r e a t e r e xp o s u r e  of s o i l  b e t w e en t h e  
r ow s  o f  t h e · i n f e c t e d  p l an t s . S e c o nd l y , d i s e a s e m ay r e du c e  
ne a r- l n f  r a r e d  r e f l e c t an c e  o f  p l ant s ( C o J. ·: ·r n l l  e t  a l  . ... 
1 9 7 0 ) . T h e  .r e du c t  i on o f  n e a r .; n f -r a n:  d -r: e £ 1 0 c t  a :t � c. e h a s  
b e e n u s e d  f o r t h e  d e t e c t i o n o f  c e r t a i n  c r o p. d i s e a s e s 
( ,., l 1 1  1 q :- .,. · l · d H . 1 + 1 9 7 7 • . -t- • '· d ..:::: f . . . ..... , o __ w c . � � � o . , � -\ u s mu s a n  1 ... .., y , _ . .... , � u l - s an •.J a J . .  1.. , 
1 9  '/ 2 )  � 
Env i r o �mcnta l va r i ab l e s  s u ch a s  a t m o s p h e r i c  ha z e  
and i 1 l urn :i 1rn t i on ang l e  v a r i a t i on .s  m u y  c:.: aus f� c r o p  :r. e f l ec -,, 
t a:1 c e  d i f f e r e n c e s . H a z f:  m uy r e du c e  t h e  :1.Jr. o ·u n ·t o f  r e f l r! c. -
t e d  r a d i a t i o n d e t e c t e d b y  3 s e11 s o r  aud t hu s  c a n s  e t h o  
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c r o p  t o  app e a r t o  h a v e  a l ow e r r e f l e c t an c e  t h an i s  a c t u -
a l l y  t he c a s e . Th e h :i z e  p e n e t r a t in g  a b i l i ty o f  r a d i at i o n 
i s  r e l at e d t o  w av e l e n g th . R a d i a t i o n i n  t h e  i n f r a r e d  i s  
l e s s  a f f e c t e d  b y  h a z e  t h an i s  r a d i a t i o n  i n  t h e  v i s i b l e  
r e g i o n  o f  t h e  s p e c t rum . 
An g l e  o f  i l l um i n at i on or s un an g l e  i s  a fun c t i o n  
o f  l a t i t u d e , s e a s o n , and t im e  o f  d ay and a f f e c t s  t h e  
r e f l e c t an c e  o f  a l l  s u r f a c e s .  I l l um i n a t i o n d r o p s  o ff a s  
l a t i t ud e i n c r e a s e s  no r t h  o r  s o u t h  o f  t h e e qu a t o r . S im -
i l ar l y , i l l um i n a t i o n d r o p s o ff b e fo r e and a f t e r  s o l a r 
n oon ( H e l l e r , 19 7 0 ) . 
Remo t e  S en s o r s  
R em o t. e s e n s i n g  d a t a c o l l e c: t i on :p l a t fo rm s  u s e <l. i n  
ag r i cu l t u r a l  s t1 r v e y s  h av e  c o n s i s t ed ma i n l y  o f  a i r c r a f t . 
R e c e n t l y , t h e � s e o f  s a t e l l i t e s  h a s r e c e i ve d  mu ch a t t en -
t i o n  b e c a u s e o f  t h e  l a rg e r , s yno p t i c  v i ew av a i l ab l e  
f r o m  s p a c e . B o � h  a i r c r a ft and s a t e l l i t e s h ave b e e � e qu i p -
p e d  w i t h  p h o t o g r a p h i c . a n d  n o np h o t o g r ap h i c  s e n s o r s . 
A e 1 i a l  p h o t o g r aph i c  i nfo rm a t i o n  c o n s i s t s o f  b l ac k  
an d wh i t e  imrig e ry a ri d  c o l o r  imag e ry . B l a c k an a wh i t e  
a e r i a l f i l m c o n s i s t s o f  p � a c h r o m a t i c  f i lm w i t h s p e c � r a l  
s eLs i t i vi t i e s  f r oni 0 .  3 6  µ m  t o  0 .  7 '2  i; :T'_ and .i n £ r aT e d f i lm 
\v i t h  s p e c t r a l  s .8n s i t i v ±·t i e s f r om 0 .  3 6  p m  t o  0 .  9 1.Hil 
( H e l l e r , 1 9 7 0 ) . On p o s i t i v e p r i n t s  m a d e fr om b l a c k an d 
wh i t e  f i l m , h i g h l y  r e � l e c t i v e  s u r f a c e s  w i l l app e a r l i g h t e r 
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i n  t o n e  t h an t h o s e  s u r f ac e s  wh i ch a r e  p o o r  r e f l e c t o r s . 
B o t h  p a n ch rom a t i c  a n d  i n f r a r e d  f i lms a r e  u s e d  i n  c o n j u n c -
t i o n  w i t h  v a r i o us f i l t e r s  s o  t h a t o n l y  t h e  d e s i r e d  p o r t i o n  
o f  t h e  s p e c t r a l  r an g e  i s  s amp l e d . 
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C o l o r  f i l m i n c l ud e s  co l o r - p o s i t i v e  f i lm ,  c o l o r - i n f r ar e d  
f i l m , an d c o l o r - n e g a t i ve f i l m .  C o l o r - p o s i t i v e  f i l m p r o -
d u c e s  t r an s p a r en c i e s vrh i ch app e ar s i m i l a r t o  t he o r i g i n a l  
s c en e . C o l o r - i n f r a r e d  f i lm c on t a i n s  t h r e e  l ay e r s  s e n ­
s i t iv e  t o  t h r e e  d i ffe r e n t  p o r t i o n s  6 f  t h e s p e c t rum -
i n f r a r e d  t o  0 . 9 µ m , r e d , an d g r e en . On c o l o r - i n fr a r e d  
p o s i t i ve p r i n t s , g r e e n v e g e t at i o n  n o rma l l y app e ar s  r e d . On 
c o l o r - n e g a t i ve p r in t s , ob j e c t s  ap p e ar in the c omp l i m e n t ary 
c o l o r s  o f  t he o r i g i n a l  s c e n e . 
R emo t e  s en s i n g  i n fo rma t i o n  i s  a l s o c o l l e c t e d u s i ng 
n onp h o t o g r ap h i c s en s o r s . N onph o t o g r aph i c  s en s o r s  c o n ­
s i s t  o f  r a d i o m e t e r s a n d  s c ann e r s  wh i c h s amp l e d i f f e r e n t 
p o r t i o n s  o f  t h e  s p e c t rum . At t h e  p r e s e n t  t ime , t h e  s c an ner 
is  the m o s t w i d e l y u s e d  of t h e  n onph o t o g r ap h i c  s ens o r s . 
T h e  s c ann e r  c o nv e r t s  i n c i d en t  r ad i a t i on t o  an e l e c t r i c  
s i gnal  (Ho l t e r  e t  a l . , 1 9 7 0 ) . T h e  e l e c t r i c  s i g n a l s  may b e  
s t o r e d  on m a g n e t i c  t ap e  o r  c o nv e r t e d t o  an i ma g � . A 
s c ann e r  w i t h  a d e t e c t o r s e n s i t i ve t o  mo r e  t h an o n e  w av e l eng t h  
b an d  i s  r e fe r r e d  t o  a s  a mu l t i s pe c t r al s c an n e r . ,, 
I m�ge An a lys e s  
Two m � t h o d s  o f  an a l y s i s  c an b e  u s e d o n  r emo t e  s e n s i n g  
ima g e ry . Th e f i rs t m e thod i s  pho to - i n t e rp re t at i on wh i ch 
i s  d e f i ne d  a s  t h e  u s e o f  p h o t o g r aph s t o  e v a l u a t e ,  anal y z e , 
c l a s s i fy ,  and in t e r p r e t  imag a s  o f  o b j e c t s  wh i c h c an b e  
s e e n  o n  pl 1o t o g r aphs  (Mo f f i t , 1 9 6 7 ) . Pho t o - i n t e rp r e t a t i on 
has b e en u s e d  o n  b o th ae r i a l  and s pac e i m a g e ry f e r  v a r i ou s  
app l i c at i o n s  f r om l and u s e s t u d i e s  t o  c ro p  i d ent i f i c a t i on 
(Hof f e r , 1 9 6 'i' a ; Ho f f e r , 1 9 6 7b ;  Al d r i c h , A l dr i ch ,  and. 
Rud e l ,  1 9 7 1 ; C o lwe l l , 1 9 7 2 ; Ho l z  and B oy e r , 1 9 7 2 ;  We s t i n , 
19 7 3) • 
Th e s e c ond m e t h o d  i nv o l ve s  t h e  r e du c t i o n o f  an imag e 
t o  a nnm e �� i c a l fo rmat  thr ough t h e  m e a s u r em e n t  o f  e i t h e r  
f i l m  d e n s i ty o r  f i l m t r an s m i t t an c e . Dens i t y  m ay b e  
m e a s u r e d  u s i n g  s p o t  dens i t om e t e r s , s c a �n i n g  m i c r o d o n s i ­
t om e t e r s  :- o r  d cn s i t y  s l i c i ng d e v i c e s . F i 1.m t r a n s m i t t a nc e  
i s  c o mm o n l y  m e a s u r e d  u s i ng i m a & e d i s e c t o r  d e v i c e s . Th e 
r e du c t i o n o f  an irii a g e  t o  a num e r i c a l  f o rm at ( d  ·i g i "!:". i z i ng ) 
e n ab l e s t h e  u s e o f  c omput e r an a ly s i s  f o r  t h e  au t om a t i c  
r e co g n i t i on c f  p a t t e r n s  ( p at t e rn r e c o gn i t i o n ) . 
P a t t e r n  Re co gD i t i o n 
".') �l t t· e ··� r T f" .. o .. ,. n J. t i o n  i n  v o l v e 5 'tw o :C a. c t o  r s . T b  e f i r s t l -
' 
,. " .� J . .. 1 - .,, .._ 6 .. . 
fac t o r  i s  t h G d e t e rm in a t i o n  a f  wh i c h r:1 e a s 1 .� t 0. b l 0 q n ��.n t 1 t 1 e s  
c a 1 J e d 
t o b e c .:. a s �� :1. f i e cl • F o r  c r c p  i ci c � t i t i c a � i 0 � , t h e f e at ur e s  . ,  
o f  d i f  f e r e n-t c r op s p e c i e s in v ar i o u s  w :1 v e  1 .2n g ·t J �  b a.r.. d s , 
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an d the  p at t e r n s  to b e  c l a s s if i e d a r e  f i e l d s  p l an t e d  t o  
d i f f e r en t  c r op sp e c i e s . 
T h e  s e cond f ac t o r  t o  b e  cons i d e r e d  i s  t h e s e l e c t i o n  
o f  the  d e ci s i o n m ak i ng p ro c e s s t o  b e  us e d  t o  c l as s i fy 
the  p at t e r n s . Th e d e c i s i on mak ing p r o c e dur e s  i nvo lve t he 
comp a r i s on o f  an unkn own p at t e rn w i t h  th o s e o f  a s e t 
o f  r e f e r e n c e  p a t t e rn s  c a l l e d t r a i n i n g  s e t s . 
S e ve ra l  d e c i s i on mak i n g  p r o c e dur e s h ave b e en dev e l ­
o p e d . A few w i l l  b e  d i s cus s e d t o  i l l us t r a t e t h e  var i ou s  
app r o ac he s  wh i ch ar e  p o s s ib ! e . 
T h e  f i r s t me tho d i s· the us e o f  th e m i n imum d i s t anc e 
t o  the  means o f  t he var i ous c l as s e s o f  i n t e r e s t .  U s ing 
t h i s app r o a ch , t h e  me ans  o f  t h e  t r a i n i n g s e t s r ep r e s en t ­
ing th e c l a s s e s o f  i n t e r e s t  a r e  p re s en te d a s  p o i n t s i n  
n - d imens i on a l  fe ature s p a c e . An unknown p o in t i s  then 
c l as s i f i e d  i n t o  the  c l as s  who s e  m e an i s  c l o s e s t (Ho f fe r , 
1 9 6 7b ) . 
Th e s e c ond me t h o d  i nv o l ves u s i ng t he di s t an c e  from 
an unkn own p o i n t  t o  the  n e ar e s t me mb e r o f  e ach t r a i n ing 
s e t . T h e  un kn own p o i n t is  c l a s s i fi e d  i nt o  t he c l as s  
cont a i n i ng t h e  memb e r  n e a� e s t t h e  unkn own p o int . 
The p r e c e d i n g me t h o d s  o f  c l as s i f i c a t i on a r e  d e t e r ­
min i s t i c .  S t at i s t i c a l  . . m e thods  o f  c l as s i f i ca t i on have 
al s o  b e e n  d eve l op e d . On e of the mos t w i de l y  u s e d  s t a ­
t i s t i c a l  c l as s i f i c a t i on s ch eme s emp l oys  t h e  m ax imum 
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l ik e l ih o o d  r at i o . U s ing t h i s  m e t h o d , t h e  p r ob ab i l i ty 
d en s i t y fun c t i on ( p d f )  o f  e ac h  c l a s s  o f  i n t e r e s t mus t 
b e  kn own . lh e p d f  r ep r e s e n t s  th e p r ob ab i l i ty th a t  a 
s amp l e  o f  a p ar t i cul a r c l a s s  w i l l  f a l l w i t h i n  a g iv en 
r e g i on o f  f e a t u r e  s p a c e . Fr om t h e  p r o b ab i l i t y d en s i ty 
fu:i c t i on s , a s e t o f  l i ke l i h o o d. r a t i o s  e xp r e s s i n g  ·t h e  
r e l a t i v e  p r ob ab i l i t i e s t h a t  a p o i n t  i n  qu e s t i on b e l o ng s 
t o  t h e  c l a ss o f  i n t e r e s t r a t h e r  � h a n  t o  an y o t he r c l as s  
c an b e  c o mp u "'� s d ( Ho f £ e r , 1 9 6 7 b ) . A n  1mkn 0wn p o i n t  i n  
f e a t u r e  s p a c e  i s  t h en a s s i g n e d t o  th e c l as s wh o s e  p r ob -
ab i l i t y  o f o c cu rr en c e  o f  t h at p o i n t i s  t h e  l a r g e s t . 
Th e max imum l i k e l i h o o d  r a t i o  i s  o f t e n  u s ed i n  c o n j u n c t i o n 
w i t h t h e  B a y e s  d e c i s i on c r i t e r i o n  wh i c h m i n i m i z e s  t h e  
r i s k  q f  m ak in g  e r r o r s  ( H ahn an ti Ne l s on , 1 9 '7 2 )  .. 
T h e p r ev i ou s ly m e n t i on e d p a t t e rn r e c o gn i t i o n p r o -
c e du r r.:: s d e a l  s p e c i f  i c a  1 1  y w i th c 1 a s  s i f  i c a t  i o n. o f  i nd i -
v i du a l  r e s o l u t i o n  e l ement s . Re s e a r c h e r s a t  Pu rJ u e  Un i -
v e r s i t y  h a v e  d e v e l o p e d  a c l a s s i fi c a t i o n  : c h em e  w h e r e b y  
i n d  i v  i d u  a :i f. i e 1 d s a r e  c 1 a s  s i f  l e d  . Th e : 1 p '� T · f i e 1 d "  c l  a s  s i -
f i e r  a s s u m e s  t h a. t  i f  a c e r t a i n  rn�1j o r i  ty o f  t h e  r e s o lu t i o n  
e l em e n t s  w i th i n  a f i e l d  b ou n d a. -r y  b e l on g  t o  o n e  c 1. a. .s s , 
t h e e n  t i r e  f i e  1 d b e  1 o n  g s  i n  t h a t  c h i  :·; s ( Htl<:l:-q; , J. 9 6 9 ) • 
C ro p  I d e n t i f i c a t i on 
I d e n t i f i c a t i on ,.. 0 1.:  c. r 0 1) .: p e c i c s  i s  b a s e d u p o n  e ac h  
c r o p s ' un i qu e  s p e c t r a l  c h a r a � t e r i s t i c s c a l l e d  s i g n a tu r e s  
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wh i ch d i s t i n gu i s h i t  f r o m  o t h e r  s pe c i es . Th e c omp o n e n t  
o f  a c r op r s  s i g n a t u r e  wh i ch i s  m o s t i mp o r t an t  i s  i t s  
r e f l e c t an c e  i n  v ar i o u s wave l e ng t h  b a nds a t  d i f fe r ent 
p e r i o d s  in the g r ow i n g s e a s on . 
H o f f e r ( 1 9 6 7b )  d i s cu s s e d t h e  c r op i d e n t i f i c a t i on 
app l i c a t i o n s  o f  t h e  s p e c t r a l  s i g n a t u r e s o f  wh e a t , o at s , 
s o yb e an s � an d c o rn . I t  w a s  f ound t h a t  e a r l y  in t h e g r ow -
ing s e a f on , s m a l. l  g r a i n s  s u c h  a s  wh e a t  and o a t s  c o u l d  be 
d i 3 t i n gu i s h e d f rom r o w c r op s s u ch a s  corn and s o yb e an s  
b e c au s e  o f  t h e  l e s s 0 r amo u n t  of e x p o s e d  s o i l  b a c k g r o und 
b en e a t h  the s m a l l  g r a i n c an op i e s �  D a t a f r om a June 2 5 ,  
1 9 6 4  f l i g h t  s h ow e d  t h a t  m a t u r e , g o l d e n - b rown wh e a t  c ou l d  
b e  d i s t i n g u i s h e d  f r om g r e e n  o ats b e c au s e  o f  r e f l e c t an c e  
d i f f e r e n c e s  i n  b o t h  t h e  v i s i b l e  and n e a r - i n fr ar e d  p a r -
t i o n s  o f  t h e s p e c t r um . I t  w a s  a l. s o fo und t h a t unc u t  
a 1 fa1 f a  c o  u l d b e  d i  s t i n g  u i $ 11 e d fr o:r.i g r  c e n  o a t s  i n  t h e  
0 • 7 l p -.�1 •· O • 7 9 µ m w a v e  1 e n  g t  h b an d  . D at a f r om Ju 1 y 2 9 , 
1 9 6 4  s h ow e d  i : t t l e  r e f l e c t an c e  d i f f e r e n c e s  b e tw e e n  c o rn 
J n d  .-: o yb :.:; an s i n  \-v ave l e n g t h s .: r om O �  3 8  µ m  - O .  8 9  it m .  
D i s c :.- i rn i n a U _ o n  c- f c o :. n and s o y b e an s  W 8. s  d i f f i c u l t b (:: c au s e 
h (J• ·!- }1 C: "" e {� j_: L� C .J . . . .  ' -· 1.1 '·· . . "' .;.) 1-1 e r e g r e e n a.Tl d h ad s i m i  }_ :-:. r 
t i f i c a t  i o n  i s .c c� J. ;-1 . .  : e .:.I :.: �; . 
. ,-�- l .  e 111a. t u  r l t y o .1: Ji: h e  s p e  c. i  e s  2.:1d 
h · +- • ·1 � ·'- e .... -7 � t h t- g r ow i n g  t � a t  i m a g e r y  .t:i'.' C'jJ n o  n n e  p A r . � i c u . a r  ..... a L  � 1 , •
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s e a s on c an b e  u s e d  t o  i d e n t i fy al l maj or c r op s . R a t h e r , 
d a t a f r om s e l e c t e d  p o i n t s in t h e  g r owi ng s e a s on mu s t  b e  
c o l lec t e d  t o  i n s u � e  a c cur a cy o f  i d ent i f i c a t i o n . 
I n  a s t udy i n  Sw i t z e r l an d , St e i n e r  ( 1 9 6 9 )  u s e d a 
max i mum l ike l i h o o d  an a l y s i s  p r o c e du r e  o n  d e nsit om e t r i c  
m e a s u r emen t s  o f  a e ri a l  ima g e ry . Us i n g  t h e  b e s t  t h r e e  
d a t e s  amon g 1 3  d a t e s  o f  ph o t o g r ap hy ,. 9 0  p e r c en t  ov er a l l  
c o r r e c t  c l a s s i f i c a � i on o f  1 1  c rop typ e s  w a s  o b t a i n e d . 
U s i ng a l l 1 3  d at e s · o f  p ho t og r ap h y , 1 0 0  p e r c en t  o v e r al l 
· c o r r e c t  c l a s s i f i c a t i o n o f  t h e  1 1  c r o p  t yp e s  w a s  o b t a i n e d . 
S t e i n e r  and Maue r ( 1 9 6 8 )  f o u n d  t h a t  t h e  a c cu r a c y  
o f  c r op i d ent i f i c a t i o n  c o u l d . b e  i n c r e as ed b y  c omb i n i n g 
Jun e and J u l y  t ru e  co l o r ph o t o g r ap h s . 
B r oo n e  and S imo n e t t  ( 1 9 7 1 )  u s ed a B a y e s i an d e c i s i on 
ap p r o a c h  o n  <l e ns i t am e t r i c  m e a s ur em e n t s  o f  ae r i a l c o l o r  
i n f r a r e d  f i l m c· f n o r t h e a s t e r n  K an s a s  i n  Ju l y . Th e y  f o und 
t h a t  wh en c 1. a .s s i fy i n g  on the s a m e  da t a  f r om wh i c h t h e  
t r a i n i n g  s e t w a s  d e v e l op e d , 3 9  p e r c e n t  o f  t h e  <l a t a p o i n t s 
r ep r e � e� t i n l  1 1  c r o p t yp e s  w e r e  co r r e c t l y c l a s s i f i e d . 
Wh e n  p r e d i c t i n g  e n  J a t a  c on t a i n i ng t h e 1 1  c r o p  � yp e s  b u t  
n o t  fr om wh i ch t h e  t r a i n i n g  s e t w a s  d e ve l o p e d , 1 4  p e r c en t  
c o r r c� .: t  c J. a s � i f i c a t i o n  w a. s  o b t ;;i i n e d . I n  b o th c a s e s , wh en 
c l as s  i £ i c a ·t i o n a c cu r a cy w � �  i n c  r e c.i s  ed . 
N e l s o ·11 ( 1. 0 7 1 )  u s e d  a n  au t o·n� at i c  p a t t e n1 1· e c o g n i't i on 
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t e c hn i q ue on s p o t  dens i t ome t r i c  me a s ur emen t s  o f  i n fr a r e d  
i ma g e ry c o l l e c t e d  a t  a l t i t� de s  o f  1 8 , 0 0 0  m e t e r s  and 4 , 0 0 0  
me t e r s . H e  foun d  t h a t  t h e  ac cu r a cy o f  c l a s s i f i c a t i o n w a s  
g r e a t e s t  fo r t he 4 , 0 0 0  m e t e r  imag e ry . 
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Ho f f e r  and G o o d r i ck ( 1 9 7 0 )  ana l y z e d mu l t i s p e c t r al 
s c ann e r  i m a g e ry an d fo und t h a t  us i n g  t h r e e  c l a s s e s c on ­
s i s t i n g  o f  g r e en v e g e t a t i o n , s o i l , an d wat e r , a l ar g e 
g e o g r ap h i c  a r e a  ( 1 8 0  s qu a r e k i l om e t e r s ) c ou l d  b e  s u c c e s s fu l l y  
c l a s s i f i e d u s ing t r a i n i ng s amp l e s f r o m  a s ma l l s a gm e n t  
o f  t h e  a r e a . 
Anu t a  and Mac d on a l d ( 1 9 7 1 )  c o n du c t e d d i g i t a l ana l y s e s  
o f  mu l t i s p e c t r a l  Ap o l l o 9 i ma g e ry o f  t h e  I mp e r i a l Va l l ey 
i n  C al i f o rn i a . U s i ng aut oma t i c r e c o gn i t i on t e chn i que s , 
7 5  p e r c e n t  c o r r e c t  c l as s i f i c a t i on o f  b a r l ey , 5 9  p e r c en t  
c l a s s i f i c a t i o n  o f  s ug ar b e e t s , and 2 7  p e r c en t  c o r r e c t  
c l as s i f i c a t i on o f  a l f a l f a  w e r e  o b t a i ned . Low p e r c en t a g e  
g r o un d  c o v e r  c r o p s  w e r e i nd i s t i ng u i s h ab l e  f r om b a r e  
s o i l . 
B au e r  a n d  C i p r a  ( 1 9 7 3 ) , u s ing a no n s up e rv i s e d c l a s s i ­
f i e r  on E RT s � 1  s at e l l i t e  dat a o v e r  a 5 , 0 0 0  s q u a r e k i l om e t e r  
a r e a  in n o r t h e rn I l l i n o i s � o b t a i n e d  83 p e r c en t c o r r e c t  
c l a. s s i fi c a t i orJ. o f  co rn , s oyb e an s , a n d  " o t h e r " .. I n  ad d i t i o n , 
t h ey f o un d  t h at a r e d u ct i o n  i n  t h e  numb e r o f  t r a i n i n g  
f i e l d s f r o m  1 2  t o  3 d i d  no t s i g n i f i c an t ly a l t e r t h e  
c l a s s i f i c ai i o n  r e s u l t s . 
S a f i r  e t  a l . ( 1 9 7 3 )  an aly z e d E RT S - 1  imag e ry o f  
s o u t hw e s t e rn Low e r  Mi c h i g an and found t ha t  t yp e s  o f  
ve g e t a t io n  wh i ch h ad d ens e g r e e n  c anop i e s  w e r e r e c o g ­
n i z ab l e .  Howeve r ,  i t  was fo und that r e co gn i t i on o f  
s en e s c e n t  ve g e t a t i on w a s  d i f fi cu l t .  
Ho r t on and He i lman ( 1 9 7 3 )  found t hat gr e a t e r  t h an 
90 p e r c en t  c l as s i f i c at i on o f  c o rn , s oyb e an s , and b ar e  
s o i l  w a s  p o s s i b l e  us i ng E RT S - 1 imag e ry . 
Th i s  T e v i ew h a s  i nve s t i g at e d  t h e  l i t e r a�ure d e al ing 
wi th  c ro p  . i d en t i f i c a t i on  u s ing  r emo t e l y s e ns e d  dat a .  
I t  ha s b e en s h own t h a t  d e s p i t e  t h e  s i gn i f i c ant r e f l e c t an c e  
var i at i ons wh i ch c an o c cur b e tween p l an t  c an op i e s , c r op 
i d en t i f i c at i on i s  p o s s ib l e .  I t  h as a l s o b e en s ho wn t h a t  
p at t e rn r e c o gn i t i on al g o r i thms f o r  t h e  c l a s s i f i c a t i on 
o f  r emo t e s e ns i 1 1 g  d a t a  do  ex i s t . Th er e fo r e , b a s e d up on 
th i s  r e v i ew , a s t u dy was c o 11 du c t e d to ap p l y  t e s t e d  p a t ­
t e rn r e c o gn i t i o n  al g o r i t hms  t o  E RT S - 1  imag e ry t o  i nv e s ­
t i g a t e  t h e  p o t en t i a l app l i c a t i ons  o f  E RT S  mu l t i s p e c t r a l  
imag e ry f o i  c r op r e s ou r c e  e v a l u a t i o n and i nvent o ry . 
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MAT E R I A L S  AND METHODS 
E RTS - 1  S a t e l l i t e  
Th e E a r t h  Res ou r c es T e chno l ogy S a t e l l i t e ( E RTS ) 
was l aun c h e d  on Ju l y  2 3 ,  1 9 7 2  i n t o  a s un s yn c h r o n o u s  
o rb i t  wi t h  an a l t i t u d e  of  app r o x i ma t e l y  9 0 0  km . T h e  
o rb i t a l  p a t h  a l l o w e d  s i t e  cove r ag e  t o  be  r ep e a t e d  eve ry 
1 8  d ays . 
Th e ERIS - 1  s a t e l l i t e i s  e qu i pp e d  w i t h two s en s o r s , 
a r e t urn b e am v i d i con ( RBV) .. and a mu l t i s p e c t r a l  s c ann e r  
(MS S ) . I m ag e ry from t h e  mul t i s p e c t r al s c anne r  was use d  
in t h i s s t udy . Char ac t e r i s t i c s  o f  t h e  s c anne r  a r e  l i s t ed 
i n  T ab l e 1 .  
Tab l &  1 .  MS S Charact e r i s t i c s 
Chann e l  Spe c t r a l  B an dw i dt h  ( µ m )  





0 .. 5 - 0 .. 6 
0 . 6  - 0 . 7 
0 . 7 
0 . 8 -
0 9. • v
1 . 1 
Th e MS S imag e ry co n s i s t e d  o f  a b l ac k  an d wh i t e  
p o s i t i ve t r ans p a r e n cy f o r  e ach s p e c t r a l  b and . E a c h  
i m a g e cove r e d  a n  a r e a  o f  3 . 4 3  m i l l i o n h e c t a r e s  a t  a n  
app r ox i m a t e s c a l e  of 1 : 1 , 0 0 0 , 0 0 0 . 
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Th e 3 . 2 km b y  1 4 . 4  km s t udy a r e a  s how� i n  F i gu r e s  2 
and :s w a s  J o c rt t e d  in  C l ay County i n  s o ut he a s t e rn S o u t h  
D ako t a .  T h e  s tudy a re a  w a s  s e l e c t e d  b e c au s e i t  c on t a in e d  
s o i l s a n d  c r o p s  r ep r e s cm t � t i  v e  o f  t ho s e f o u n d  t h ::� oughout 
C l ay C o un t y  an d t h e  s o u t h e a s t e rn p a r t  o f  t he s t at e . 
T h e�  two maj or  s o i l s  i n  t he s t u dy a r e a  a r 2 t h e  a l l u ­
v i a l , c l ayey L u t on s o i l s  found i n  t he V e rm i l l i o n R i v e r  
f l o o d p .1 . a i n  an d t he s i l t y E g an - Wen two r t h - V i b o r g s o i l s  
f o und i n  t h e  up l an d s  adj a c en t  t o  t h e  f l o o d  p l a in . 
T h e  m a j o r  c r o p s  i n  the  s tudy ar e a  ar e c o r n , s o yb e an s , 
a n d  o a t s  w i t h  a l f a l f a  and i d l e l and o c cupy ing t h e  r ema i n -
i n g  p o r t i on s  o f  t h e  s t ud y  a r e a . 
Th e c l ima t e  o f  C l ay County c an b e  d e s c r i b e d  a s  sub -
hum i d w i t h  a n  av e r a g e  annu a l  p I·e c ip i t a t i o n o f  6 3 . 1 7 cm . 
Th e l e n g t h  O .c .1. t h e  g r oir i ::i g  s e a s on r an ge s f rom 1 5 0  t o  
1 6 0  day s . 
G r o un d  Tr . .i t h  P r o c e du r e s 
------·-----�------
Th e i n. i t i a l s u rve y o f  t h e  s tudy a r e a w a s  c o n du c t e d  
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i n  Ju l y o f 1 9 7 2  u s i n g K - 1 7  ima g 3 ry at  an app ro x in.a t e  s c a l e  
o f  1 : 2 2 , 0 0 0  t o  d e t e rm i n e f i e l d s i z e  and l o c at i on and g r ourtd 
b a s e d  o b s e rv a t i o n s  tc d e t e rm i n e  t he crop s p e c i e s  \d. t h i n  
t h e  f i e l d  b ounda r i e s . 
Mo s t  o f  t he 1 9 7 3  f i e l d  b ou n d a r i e s  r ema i n e d u n ch an g e d  
f r om 1 9 7 2 a l t h o u g h  th e crop s w i t h i n  th e b o un d a r i e s  we r e  
M I S S O U  R .!..I -----.� 
R I V E R  
S T U D Y 
A R E A  
2 5 
A map o f  C l ay C oun ty s h ow ing t h e  l o c a t i o n  o f  the 
::1 t 11d y a r e a .  
F i gure  3 .  A b and S n e g a t ive  p r int o f  a p o r t ion o f  ERT S  f r am e  no . 1 0 4 1 - 1 6 4 3 5 , S ep t em -
b e r 2 �  1 9 7 2  s how ing t h e  l o c at i o n  o f  t h e  s tudy ar e a . S c al e = 1 : 4 0 0 , 0 0 0  N 
°' 
chan g e d . G ro un d s u rv ey s  w e r e  a g a i n  u s ed t o  d e t e rm i n e  
t h e  s p e c i e s  w i th in t h e  f i e l d  b ound ar i e s . The f i e l d  
b oun d a 1� i e s  t h a. t h ad c h an g e d  f r o m  1 9  '7 2 w e r e  m app e d  f rom 
t h e  a i r  at an a l t i tu d e  of 6 1 0 m .  
On t h e  b a s i s o f  t h e s e i n i t i a l s u rv e y s , c e r t a i n  
f i e l d s  r ep r e s en t a t i v e  c f  e ach maj o r  c r o p  s p e c i e s  and 
s o i l t y p e  w i th i n  t he s t udy ar e a  w e r e  s e l e c t ed  as r. e s t  
f i e l d s . At t h e  t ine o f  e a ch ERT S  overp as s ,  c r op p a ra -
m e t e r s  c o n s i s t ing o f  p l an t  h e i g h t , r ow s p a c i ng , r ow 
d i r e c t i o n , and s t a g e  o f  ma! u r i ty w e r e  m e a s u r e d  f o r  e ach 
t e s t f i e l d . I n  a dd i t i on ,  r e l a t i v e  m e a s ur emen t s  o f  p e r c ent 
g ro und c ov e r , s t r e s s , and w e e d  c o nd i t i o n w e r e  r e co r d ed . 
C o n cu r r e n t l y w i t h t h e  ab o v e  me a s u r e men t s , rr r ound b a s ed & 
c o l o r  p h o t o g r ap h s  N e r e t aken . 
D i g i t a l An a l ys i s  c f  t h e  S t u d y  Ar e a  
I TI o r d e r f o r  p a t t e rn r e co g n i t i o n  a l g o r i t hm s  t o  b e  
u s e J  fo r i n a g e  an a l y s i s , t h e  i ma g e  m u s t b e  q� a n t i f i ed .  
Th e q u an t i f :L c. a t i on o r  d i g i t i z i ng w a s  ac c omp l i s h e d  ·u s i ng 
S :i g n a l  ,:\n a ly s i s  ancl D i s s ern i n at :i.. c n  Equ i pment . ( S AfJE ) l o c a t e d 
cl .i g i t i. z c :r �  u t i l i z i ng an i rn a� i..; d i s s e c t o r  t ub e >  p e: rm l t t e d _ 
i � a g c ry i n t o 2 5 6 l e � e l s 
3 6 r e s o L . : L i  o n  e l e 1r� 0 n t s ( p i x  e 1 s ) fH.� :!." In i 1 :u :i� e t c r . 
( n1.1 t p u t  
T o  p Y e p n r e  t h e  .E RT S i m a g e s  f ci -r  d i g i � i z i:ng , a p o �: t :L o n  
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of e a ch p o s i t iv e  t r a:ri s p a. r en c y  c :J i· r e s p o nd i n g  t o  .t h e  s t u dy 
a r e a  w a s  m a s k e d  s o  t h a t o n l y  t h e  d e s i r e d  r e g i on w a s  
d i g i t i z e d .  
F i g u r e  4 .  A pho t o g r ap h i c a l l y  p r e p a r e d  ma s k  f o r t h e  
s t udy a r e a . 
The m a s  .. < s  w e r G  c on s t r u c t ed b y  i n i t i a 1 l y  c o ve r i n g  an 
e n l a rg e d ER'J' . �'. p l: o t c g 1  aph 1 i t h·  a c l e a r  my l ar :� h e e t  up o n  
w h i ch t h e  _, t u dy a r e a w a s  i nk e d  i n . T h e  en l a r g em e nt w a s  
us e d  t o  f a c i l i t a t e  t h e  i nk i n g  p ro c e .s s s i l c e  t h e  b ounda r i e s 
o f  t h e  s t l! d y· a r e a  w e r e  mo r e  r e ad i J. y  v j. s i b J.. e . t h a.n. o n  t h e  
w a s  a t r a �1 .s p a r t.  n t r e g  .i o n  c o  r r e 5 p o n  d i n  g to t h f  ...: t u  d y � r e  a 
a t  a s c � l e o f  1 : 1 , 0 0 0 , 0 0 0  s u r r o und 8 d  b y  a n  o p aqu � b o r d e r  
2 8 . 
t o  p r e v e n t  any ex t r ane o us ar e a  f r om b e ing d i g i t i z e d . 
P r i o r t o  m ount i n g  t h e  m a s k s o n  t h e im ag e s , the 
m a s k s  and t h e  E RT S  t r ans p arenc i e s  w e r e  c l e an e d  u s ing 
a s p r a y  typ e f i l m c l e ane r  . . T h e  ma s k s  w e r e  moun t e d  on 
the pos i t i v e t r an s p a r e n c i e s  u s i ng op a q u e  p h o t o g r a ph i c  
t ap e . 
P r i o r  t o  d i g i t i z a t i o n ,  t h e  l i gh t l ev e l  o f  t h e  d i g i ­
t i z e r w a s  o p t im i z e d  f o r  t h e  d e n s i t y  r ang e o f  e a c h t r an s - . 
p a r e n cy .  T h e  i m ag e s  we r e  r e g i s t e r e d  w i t h an i n t er fac e 
s y s t em o n  t h e  c o l o r  mo n i t o r o f  SADE u s i n g  t h e  a l i gnm e n t  
c o n t r o l s  on t h e  d i g i t i z e r . 
T h e  fou r t r an s p a r e n c i e s  f o r  e a c h  p a r t i c u l ar d a t e  
o f  i n t e r e s t  w� r e  s u c c e s s ive ly d i g i t i z e d a t  a r e s o l u t i on 
o f  3 6  p i xe l s  p e r  m i l l i me t e r , t r an sm i t t e d t o  an I BM 3 7 0  
c omp u t e r , and s t o r ed o n  mag n e t i c  t ap e  f o r fu tu r e  an a ly s i s . 
A map o f  · t h P  s t udy ar e o.  ou p � t  c o d e s  f o r  e a ch E RTS 
w ave l e n g t h  b and w a s  p r i n t e d o u t  o n  c ompu t e r  p ap e r  u s i ng 
a ' ' s ymb o l " p r og r am . Th i s  p r o g r am d i v id e d  t h �  p o s s ib l e  
r ang e o f  o u t pu t  c o de s  f r om 0 t o  2 5 S  i n t o  i n cr eu e n t s o f  
f iv e  va l u e s  e a ch and a s s i gn e d  a s y mb o l  t o  r e p r e s e n t  e a ch 
i n c r eme _'.lt . S ymb o J  s w e r e  p r i n t e d  r a t h e r  t h an a c t u a l  
ou t p u t  cod e v a l u e s  t o  r e du c � t h e  s i z e o f  t h e  p r i n t ou t . 
A p o r t i on o f  a s ymb o l map i s  s h own i n  F i g u r 0  5 .  
Th e t e s t f i e l d s  \ve r e  l o c a t e d  c 1 1  t h e  c ompu t e r  m ap s . 
Symb o l s  f o r  e a ch t e s t f i e l d  w e r e  c o nve r t e d  i n t o t h e i r  
2 9  
:!? i gur e S .  A p o r tion o f  a b a.n d  6 n s ymb o l n m ap f r om. Ju l y  5 ,  
1 9 7 3 imag e ry . 
3 0  
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c o r r e s p o n d i n g  o u tput co d es  f o r  us e i n  p a t t e rn r e co g n i -
t i on  al g o r i t hms u s i n g  a " ch o o s e 1 1  p r o g r am .  th e n choo s e " 
p ro g r am c onve r t e d a 6 4  p o i nt mat r ix o f  s ymb o l s  c o n t a i n ing 
t he ent i r e  t e s t  f i e l d  ex c ep t  b o und a r i e s t o  a c t u a l  ou t put 
c o d e s  u s i n g  t h e  l o c at i o n  and s i z e  of  t h e  m a t r i x  me a s u r e d  o n  
t h e  c o mp u t e r map s a s  i np u t s  i n t o  t he p r o g r am .  Accura t e  
r e g i s t r a t i on w a s  a s s ume d s o  t hat  ma t r ix c o o r d i n a t e s w e r e  
o n l y  me a s u r e d  on  o n e  ERT S  b and p r i n to u t  f o r  e a c h  d a t e o f  
ima g e ry an al y z e d . 
Dat a from t he t es t f i e l. ds we r e  an a l y z e d  u s in g t h e  
K - C l a s s c l as s i f i e r  f o r  a l l p o s s ib l e  comb i n a t i ons  o f  
fe a t ur e s  ( E RT S  w aveb and s ) t o  d e t e rm i n e  wh i ch f e a tu r e s  
g ave  t h e  mo s t  a c cu r a t e  c l as s i fi ca t i on r e s u l t s . K - C l a s s � 
a m i n i mum d i s t an c e  t o  t h e  me ans c l a s s i fi e r , m ad e  d e c i s i ons  
b as e d  on t h e  mean s  a n d  va r i an c e s  of  t he t e s t  f i e l d  d a t a 
( S e r r eyn and N e l s on , 1 9 7 3 ; N .  Z ag a l s ky ,  " A N ew F o rmu l a -
t i on o f  a C l a s s i f i c at i o n  P r o c e dur e "  M . S .  Th e s i s , Un i ­
v e rs i t y o f  M i nn . , Mar th 1 9 6 8 )  . . 
T h e  t e s t  fi e l d  d a t a  w er e us e d  t o e x t r ap o l at e  t o  a 
c l a s s i f i c a t i ci n  o f  the ent i r e  s t udy a r e a  u s i ng th e fe atu r e s  
wh i c h  g ave t he b e s t  c l as s i f i c at i on r e s u l t s  a s  d e t e rm i n e d 
b y  K - C l a s s .  I f  a c omb i na t i o n o f  f e ature s y i e l de d  t h e  
b e s t  r e s u l t s , K - T e s t  w as u s e d t o  c l a s s i fy t h e  s t udy ar e a .  
K - T e s t r e f e r s  t o  t h e  K - C l a s s c l as s i f i e r  wh i ch h a s  b e e n  
t ra i n e d  u s i ng a s e t o f  t e s t  d a t a  c a l l e d  a t r a i n i ng s e t .  
F or t he c l a s s i f i c at i o n o f  t h e  s t udy ar e a , t h e  t e s t f i e l d  
d a t a a c t e d a s  t h e  t r a in i n g s e t .  Wh en s in g l e  f e atu r e s 
w e r e  f o un d  t o  p r o v i d e  t h e  b e s t  r e s u l t s , a v i s u a l  an a l y s i s  
o f  t h e  h i s t o g r am s  o f  t h e  t e s t f i e l d d a t a  w a s u s ed to 
d e t e rm i n e  t h e d e c i s i on b o un d ar i e s  b e tw e e n c l a s s e s . 
I n  a d d i t i on t o  K - C l as s , a p a t t e rn r e c o g n i t i on a l -
g o r i t hm c a l l e d  "m o d e  s e e ldn g "  was  u s e d t o  an a l y z e  d i g i -
t .  d E D 'I' (' . 1 z e  . J\ , ., i m a g e ry . The n o n s up e rvi s e d " mo d e  s e e k i ng "  
a l g o r i  t hrit l o c .:i t e d  an i n s t r u c t e d  numb e r  o f  mo d e s u p  t o  
2 0  i n  a s e t o f  d a t a . T h e  a l g o r i thm t h � n  c l a s s i f i ed e a ch 
d a t a p o i n t a s  to wh i ch m o d e  i t b e l o n g s ( Kav e r i app a and 
N e l s o n ,  1 9 7 3 ) . A c o mp u t e r  p r i n t o ut o f  a "mo d e  s e ek i ng " 
m ap w a s  u s e d  f o r an alys i s . 
F i n a l l y , an a t t emp t w as mad e t o  enhanc e v e g e t a t i on 
an d s up p r e s s s o i l  � ackg round u s i n g  a r a t i o  o f  o u t p u t  
c o d e s  o f  t w o  d ) f f e r ent E RT S  b an d s . T h e  ·.r a t i. o u s e d  w a s  
( B and 6 / B and 5)  x 1 0 0 . T h e  j u s t i f i c at i on f o r  � s i n g  
t h i s  p a r t i cu l a r r a t i o  w a s  t h a t  v e g e t a t i o n  w a s m o r e r e f l e c -
t iv e  t h an s o i l  i n  b a�d 6 and had a s imi l ar r e f l e c t an c e  t o  
b ar e  s o i l i n  b and 5 .  
· · u J· · a i· · -L· a· 1 · 4 ·1' a 1 v s 1· -=- o ·t: C l ay C ounty - C # _. - • L f �· . ;1 .,.") -'-
E !�T S - ]  imag e ry o f  C l ay C oun t y  w a s  d i g i t i z e d a t  a 
r. {.:> s o l u t .i o n o f  1. 8 p i x e l s  p e r  m i l J  i me t c -.r .  T h e  c oun t y  w a s  
t h en c l  a s s i f .i ·� d :l. n t o  t h e  v a r i c1u s  c r o p  s p e c i e s li s i n g  
d e e ; s 1· r r b o u1'.Ld a r 1· ,-::. s -i � t e rm i n e d  f r o m  t h e  h i s t o g r am s  o f  -· - ""- � :J l  � 
t h e  t e s t  f i e l d d a t a  l n  t he s tu dy ar e a .  A l an d  u s e  map 
3 2  
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o f  C l ay County i d ent i fying ve g et at ive t yp e s  was p r ep ar ed 
from th e c l as s i f i ca t i on r e s u l t s . To d e t ermine the ac curacy 
of the c l a s s i f i c at i on , t he r e s u l t s  us i ng ERT S  im ag ery 
wer e comp a r e d  w i th f i gures  provi ded  by th e Ag r i cu l tu ra l  
S t ab i l i z at i o n  and C ons e rvat i on S e rv i c e  (AS CS ) . 
RE SULTS AND D I S CUS S I ON 
Th e d a t e s  an d fr ame numb e r s  o f  t h e  ERTS - 1  imag e ry 
an aly z ed i ri t h i s  s t udy are l i s t ed i n  Tab l e 2 .  
Tab l e  2 .  Dat e s  o f  An a ly z e d · E RTS - 1  I ma g e ry 
F r ame Numb e r  Dat e 
1 0 2 3 -- 1 6 4 4 0  Au gu s t 1 5 :1 1 9 7 2  
1 0 4 1 - 1 6 4 3 5  S e p t emb e r  2 ,  1 9 7 2  
1 3 1 1 - 1 6 4 4 4  May 3 0 , 1 9 7 3  
1 3 2 9 - 1 6 4 4 3  Jun e 1 7 , 1 9 7 3  
1 3 4 7 - 1 6 4 4 1  J u l y  s , , 1 9 7 3 
1 4 0 1 - 1 6 4 4 3  Au g u s t 2 8 , 1 9 7 3  
The r e s u l t �; w i  1 1  b e  d i s cus s e d s ep ar a t e l y b y  d 5. t e f oT t he 
i ma g e r y an a l y z e d . 
Aug�s t 1 5 , _ 1 9 7 2  
Th e f i r s t E RT S - 1  o v e rp a s s o f  t h e  s t udy · a r e a w a s  
Au g u s t  1 5 , 1 9 7 2 . B a s e rl  o n  g r o u n d  t r u t h  me a s u r em en t s  
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a t  t h at t i m e , a d e c i s i on w a s  mad e t o  i d e n t i fy th r e e  c l as s e s  
o f  v e g e t a t i o n cons i s t i ng o f  c o rn , s o yb e an s , an<l f a l l ow .  
Sm� 1 1 g r a i n s , p a r t i c u l a r l y o a t s , w e r e  no t i n c l ud e d  a s  
a c l a s s L e c au s e  h a r v e s t w a s  e s s en t i a l l y c o mp l e t e b y  
Augu s t  1 5 .  
. . . · • . · : · · .  . ·  :r·. : • •  
T h r e e c o r n  f i e l d s , two f al l ow f i e l d s , and t w o  s oyb e an 
f i e l d s  w e r e  s e l e c t e d a s  i n i t i a l t e s t  f i e l d s · r e p r e s en t a ­
t i v e  o f  t h e  t h r e e  c l a s s e s o f  i n t e r e s t .  F r o m  e a c h  t e s t 
f i e l d , a 6 4  p o in t  ma t r i x  o f  o u t p u t  c o d e s w a s  an a l y z e d . 
T h e  fr eq u e n c y  d i s t r i b u t i on s  o f  o u t pu t - c o d e s  f o r  t he 
t e s t f i e l d s i n  e a ch ERT S w av e b and a r e  s h own i n  F i g u r e s 
6 - 9 .  T h e  o u t p ut co d e  v a l u e s  from d i g i t i z a t i o n ar e 
d ep e nd e n t  o n  the l i gh t l e v e l  of t h e  d i g i t i z e r  a s  w e l l  
as t h e  d e n s i t y o f  e a c h  ERT S t r an s p a r e �cy . B e c au s e t h e  
out p u t  c o d e s  f r o m  SADE h ave n o t  b e e n  c a l i b r a t e d  t o  y i e l d 
t ru e  t r a n s m i t t an c e v a l ue s , t h e fr equ e n c y  d i s t r ib u t i o n s  
c anno t b e  c o n s i d e r ed a c tu a l  s i g n a tur e s .  Ho w e v e r ,  t h e s e 
d i s t r i b u t i on s  d o  g i ve a g o o d  i n d i c a t i on o f  t h e  s ep ar a ­
b i l i t y  o f  t h e  c l a s s e s i n  t h e  f our ERTS b an d s . 
�� i g u r e  6 s h ow s  th a t  s om e  s ep a r at i o n o f  c o r n  fr o m  
s oyb e an s  wa s ob : a i n e d  i n  b an d  4 .  I n  b an d 5 ( F i g u r �  7 ) , 
l i t t l e  s e p a r a t i o n o f  t h e  t h r e e c l a s s e s w a s  ev i d e n t . 
The i n ab i l i t y  t o  s e p ar a t e  a l l  t h re e  c l a s s e s i n  b an d s  
4 and 5 i n d i c a t e d  t h a t  t h e  r e f l e c t an c e s o f  c o rn ) s oyb e an s , 
and f a l l o w  w e r e  s im i l ar i n  t h e s e  two E RT S  b an d s . 
F i gu re 8 s h ows t ha t  i n  b an d  6 ,  al mo s t c omp l e t e  
s ep a r a t i o n  o f  t h e  t hr e e  c l a s s e s w a s  o b t a i n e d . How e ve r , 
the o u t p u t  c o d e s f o r  c o rn we r e  fo r t a s s e l e d  co r n  o n l y . 
A v i s u a l ana l y s i s  o f  t h e  b and 6 " s y mb o l n  m a p  i nd i c a t e d 
t h a t  co r n  �h i ch h a d no t t a s s e l e d w a s  i nd i s t i n g u i s hab l e  
w 1 2  0 z w � 1 0  
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F i g u r e  6 .  
1 0 0  1 2 0  1 40 1 6 0  1 80 2 0 0  
C O D E D  O U T P U T  P R O P O R T I O N A L  T O  T R A N S M I S S I O N  
) i s t r i b u t i on o f  _ Au gu s t 1 5 ,  1 9 7 2  t e s t f i e l d  
d a t a  i n  b and 4 ( 0 . 5  - 0 . 6 µ m ) . 
B AN D  5 
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D i s t r i b u t i o n o f  Au gu s t  1 5 , _ 9 7 2  t e s t f i e l d  
d a t a i n  b a n d  5 ( 0 . 6 - 0 . 7 11 h ) • 
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C O O E D  O U T P U T  P R O P O R T I O N A L  T O  T R A N S M I S S I O N  
D i s t r i b u t i on of Au gus t 1 5 , 1 9 7 2  t e s t  f i e l d 
d a t a · i n  b an d  6 - ( 0 . 7 - 0 . 8 11 m )  . 
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F i gu r e 9 .  
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C O O E D  O U T P U T  P R O P O R T I O N A L  T O  T R A N S M
I S S I O N  
D i s t r i b u t i on of Au g u s t 1 5 , 1 9 7 2  t e s t  f i e l ci  
d a t a i n  b and 7 ( 0 . 8  - 1 . 1 µ m ) . 
3 7  
from s oyb e an s  on Augu s t 1 5 .  
F i gure  9 i s  a g o o d  examp l e  of  r e g i s t r at i on e r ro r . 
A v i s u al analy s i s  o f  t he b and 7 symb o l  map indi ca t ed 
that  t h e  d i s t r ib u t ion o f  output co d e s  in b an d  7 s houl d 
h ave b e en s imi l ar t o  b and 6 .  Howeve r ,  inac cur at e  r e g -
i s t rat i o n  p r io r  t o  di g i t i z ing l e d  t o  inco r r e c t  s amp l i ng 
o f  d a t a po in t s  in  b and 7 us i n g  the " cho o s e "  p r o g r am .  
To fur the r eval u a t e  the s ep arab i l i ty o f  t h e  thr e e  
c l a s s e s , t h e  t e s t  f i e l d  d a t a  w a s  an aly z e d  u s i ng K - C l as s 
f o r  a l l p o s s ib l e comb in a t i o n s  o f  fe ature s . I K - C l as s  
r e s ul t s  are  l i s t e d  in Tab l e  3 .  D i s coun t ing t h e  r e s u l t s  
wh e r e  b an d  7 was invo lv e d , t h e  h i gh e s t  p e r c e n t  t o t a l  
cor r e c t  c l as s i f i c at ion u s ing s ing l e  fe atur e s  was ob t a i n e d  
wi th b and 6 .  Us ing two f e atur e s , the b e s t  r e s u l t s  were  
ob t a i n e d  us ing b ands 4 and 6 and b ands 5 and 6 . Us i ng 
t h r e e  fe a ture s , g o o d  r e s u l t s were  o b t a in e d  w i th b an d s  
4 ,  5 ,  an d 6 . 
As a r e s u l t o f  the 9 3 . 8 p�rcent c l a s s i f i c at i o n  in 
b an ds 5 and 6 ,  t h e  ent i r e  s t udy ar e a  wa s c l as s i f i e d  u s i ng 
the s e s ame E RT S  w aveb and s . The K - C l as s  c l as s i fi e r  was  
t r a i n ed w i th t h e  t e s t  f i e l d  dat a in b ands  5 and 6 .  
Th e cl as s i f i c a t i o n r e s u l t s  for the s tudy ar e a  ar e 
1
A l t hough K - C l as s was  d e s i gn e d  f o r  mu l t i - fe a t u r e 
an alys i s , i t  c an b e  u s e d  f o r  s ing l e  fe a tu r e s . 
3 8  
T ab l e 3 .  P e r c en t  T o t a l  C o r r e c t  C l as s i f i c a t i on o f  Aug u s t 1 5  T e s t  F i e l ds 
F e a tur e ( s ) in 
T e r n: ; o f  





4 , 5  
4 , 6  
4 , 7 
S i 6 
P 8 r c :::m t T o t a l  
C o r r E: c t  
C l a s s i f i ca t i on 
4 6 . 6 5 
4 7 . 1 0  
8 7 . 2 8 
4 2 . 8 6  
6 1 . 3 8  
8 3 . 0 4  
4 6 . 6 5 
9 3 . 7 5  
F eature ( s )  in 
T e rm s  o f  
E RT S  Bands 
5 , 7  
6 , 7  
4 ; 5 ,  6 
4 , 5 , 7 
4 , 6 , 7  
5 , 6 , 7 
4 , 5 , 6 , 7 
P e r c en t  T o t a l  
C o r r e c t  
C l as s i f i c a t i on 
4 5 . 1 0  
9 0 . 4 0 
8 1 . 9 2  
6 3 . 8 4 . 
8 2 . 5 9 
9 3 . 5 3  
8 1 . 4 7 
c,,.i 
\0 
l i s t e d  in T ab l e s 4 and S .  The r e s u l t s  s how t h at t h e  
p e r c e n t  c o r r e c t c l a s s i f i c at i on was 6 2 . 4  fo r c o rn , 6 9 . 2  
fo r s o yb e an s , 4 1 . 7 f o r f a l l ow ,  a;nd 4 2 . 3  f o r  " o t h e r " . 
Tab l e  5 s hows t h a t  1 9 . 8  p e r c ent o f  t h e  co rn w a s  
i n c o rr e c t l y c l a s s i f i e d  a s  s oyb e an s  and 2 1 . 3  p e r c ent o f  
the s oyb e an s  was  i n co r r e c t l y  c l a s s i f i e d a s  c o rn .  The 
c l as s i f i c a t i on e r r o rs c an b e  l a rg e l y a c c ount ed for by 
th e i n ab i l i ty to d i s t i n gu i s h b e tw e e n  unt a s s e l e d c o rn 
and s oyb e ans . I t  was m en t i on e d pr ev ious l y  t h a t  only 
t as s e l e d c o rn f i e l d s w e r e  u s e d  to t r a i n  t he K - C l a s s  
c l as s i f i e r . How eve r ,  a s i gn i f i c an t p o r t io n o f  t h e  c o rn 
h ad n o t  r e a c h e d  t h e  t a s s e l i ng s t ag e  o n  Au g u s t 1 5 .  
A l t hough v a r i e t a l d i ffe renc e s  p r ob ab l y  a c c ount e d  
4 0 . 
fo r s o me o f  t h e  t a s s e l i ng v a r i a t i o n s , mo s t  o f  t h e  v ar i a t i ons 
re s u l t e d f rom a w i d e r  t h an n o rma l rang e o f  p l an t i n g  d a t e s  
b e c au s e o f  P X c e s s  p r e c i p i t at i o n  i n  May 1 9 7 2 . T h e  t o t a l 
p re c i p i t at i on i n  May was  1 9 . 1 5 cm c omp ar e d  t o  a 3 0  y e a r  
ave r a g e o f  8 . 8 4  cm . N o rma l l y ,  c o rn p l an t lng b e g i n s  the 
f i r s t w e e k  i n  M a y  and i s  n e ar l y c omp l e t e d b y  t h e  f i r s t  
we e k  o f  J u n e . B e caus e o f  t he w e t  c on d i t i o ns � n  May , 
s o me o f  t he c o rn p l an t i n g  w a s  d e l ay e d . Th e s e p l an t i ng 
d e l ay s  l a t e r  s h ow e d  up a s  t a s s e l i ng d i f f e r en c e s . 
. T h e  e x  c e s  s rn o j_ s t u  r e  j n May al s o r e s  11. t e d in ma t u r it Y 
d i f fe r e n c e s  i n  s oy b e a1: s  b e c au s e o f  p l an t i n g  d e l ay s . 
Norma l l y , s oyb e an p l an t i ng b e g i n s  ab o u t  m i d - May and i s  
Re c o gn i t i on 
S i gnatµre  
--
C o rn 
S o ybean s 
Fal l ow 
O t her 
T ab l e  4 .  C l a s s i f i c a t i o n Res u lt s  o f  the S tu dy Area 
No . o f  
Po int s Per cen t Corn S o yb e an s  F a l l ow 
1 3 , 2 4 5  6 2 . 4  8 , 2 6 7  2 , 6 2 9  9 3 1  
8 , 9 3 9  6 9 . 2  1 , 9 0 3  6 , 1 7 3  6 9  
2 , 4 1 0  4 1 . 7 2 6 4  1 0 1  1 , 0 0 6  
2 5 , 2 6 5  4 2 . 3 7 , 7 1 0  4 , 3 2 2  2 , 5 4 3  
Other 
1 , 4 1 8  
7 9 4  
1 , 0 3 9 
1 0 , 6 9 9  
+:;. 
...... 
Tab l e 5 .  C l as s i f i cat ion Re s u l t s  o f  the S tudy Ar e a  Exp r e s s ed a s  a P e r c en t ag e  
P e r c ent o f  Cl a s s  As s i g n e d  
t o  Recogni tio� �i gn ature  
Reco gn i t i on No . of P e r c ent  C o r r e ct 
S ignature P o int s C l as s i f i c a t i on C o rn S oyb e an s  F a l l ow O t he r  
Corn 1 3 , 2 4 5  6 2 . 4  6 2 . 4  1 9 . 8  7 . 0 1 0 . 8  
Soy h e  ans 8 , 9 3 9 6 9 . 2  2 1 . 3 6 9 . 2  0 .  7 8 . 8 
F a l l ow 2 , 4 1 0  4 1 . 7 1 0 . 9  4 . 2 4 1 . 7 4 3 . 2  
Other 2 5 , 2 6 5  4 2 . 3 3 0 . 5  1 7 . 1  1 0 . 1  4 2 . 3  
+::i. 
N 
g en e r a l l y c omp l e t e d b y  t h e  s e c o n d  w e ek i n  Jun e . · Ma t ur ­
i t y d i ff e r en c e s  i n  s oyb e an s  w e r e  n o t  v i s i b l e  on t h e  
Au gus t 1 5  E RT S  imag e ry . Unt i l  s en e s c en c e  i s  r e a c h e d , 
t h e  on l y  n o t i c e ab l e  e f f e c t  o f  m atu r i ty d i f f e r en c e s  o n  
t h e  r e f l e c t an c e  f r 6m s oyb e an s  f i e l d s  i s  t h e  c hang e i n  
p e r c e n t  g r o und c o v e r .  By Augus t 1 5 ,  v i r tu al ly a l l  o f  
t h e  s o yb e an f i e l d s i n  t h e  s t udy ar e a  h ad n e ar l y  c o mp l e t e -
g r ound cove r . Th e r e f o r e , exp o s e d s o i l  b a c kg ro und h ad 
l i t t l e  e f fe c t  on t h e  r e f l e c t an c e  o f  t h e  s oyb e an c anop i e s . 
F a l l ow p r o v e d d i f f i cu l t  � o  r e c o g n i z e �  T h e p r im a ry 
r e a s o n  w a s  t h a t  many o f  th e f i e l ds c l a s s i f i e d as f a l l ow 
i n  t h e  o r i g i n a l  g ro un d t ru th s u rv e y  i n  J u l y  1 9 7 2  w e r e  
p a r t i a l l y c o ve r e d  w i t h v eg e t at i o n  (w e e d s ) on Augu s t 1 5 . 
B e c au s e t h e  t r a i n i n g  f i e l d s  o f  t h i s  c l a s s c o n t a i n e d  
b a r e s o i l o n ly , mu ch of  t h e  f a l l ow con t a in i n g  w e e d s w a s  
m i s c l a s s i f i e d a s  " o t h e r . '. ' 
Eve ry th ing  e x c e p t  c o rn , s oyb e an s , and f a l l o w  w a s  
cons i d e r e d " o t h e r " . T h e  p r im ary c o mpor.. en t s  o. f  t h i s 
c l as s  w e r e  g r ass l a n d , t r e e s , an d o a t s  s t ubb l e . T ab l e  5 
s h ows t h a t  mo s t  o f  the m i s c l a s s i f i c at i o n  o f  " o t he r "  
r e s u l t e d
. 
b e c au s e o f  confus i on b e tw e e n  t h i s  c l as s and 
c o rn . An e x am i n a t i o n o f  a c o m p u t e r - g e n e r at e d  K - C l a s s  
map o f  t h e  s t udy a r e a  s h ow e d  t h a t  t h e  maj o r  p o r t i o n  o f  
t h e  · mi s c l a s s i f i c a t i on �  o f  " o t h e r "  w a s b e tw e en c o r n  and 
g r a s s l an d . 
43 ' 
The Au g u s t 1 5  dat a o f  t h e  s tudy ar e a  i n  b ands 5 
an d 6 w e r e  a l s o  an a l y z e d u s i ng t h e  "mo d e  s e ek ing " a l -
g o r i t hm t o  r e l at e  t h e  d i s t r ibut i on o f  t h e  o u t put c e d e s  
t o  m a t u r i ty d i ff e r en c e s  i n  co rn and s o yb e an s . Th e 
"mo de s e e k i n g "  a l g o r i t hm was  i n s t ru c t ed t o  l o ca t e a 
max imum o f  2 0  mo d e s . E i gh t e en m o d e s  w e r e  found . T h e  
d i s t r ibut i on s  of the mod e s  in b ands · s and 6 are s hown 
in F i gure 1 0 . The numb e r  o f  s amp l e s  i n  e a ch mo d e  and 
the l o c a t i on s of the m o d e  c en t e r s  a r e l i s + e d i n  Tab l e  6 .  
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M O O E  C E N T E R  
40 1 0  1 1 0  l lO 200 
O U T P U T  C OD E  I N  I A N O  I (0.7- 0.1 101) 
F i g u r e 1 0 . D i s t r i b u t i o n  o f  mo d e s  i n  t h e  Augu s t  1 5  J a t a . 
In add i t i o n , a n mo d e  s e e k i n g "  m ap o f  t h e s t ud;r 
ar e a  was an a l y z e d . A1 a l ys i s  o f  t h e  map i nd � c a t ed t h a t 
m o s t o f  t h e  c o rn w a s  c l a s s i f i e d  a s  b e l o�g i ng i n  mo d e s  
6 ,  7 ,  and 9 .  Al s o ,  a s m a l l  p o r t i 6 n  o f  t h e  c o rn w a s  
4 4  
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1 0  
1 1  
1 2  
1 3  
1 4  
f s 
1 6  
1 7  
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T ab l e  6 .  Mo�e Se ek ing Re s u l t s  
Mo d e  : ent er L o c a t i on 
B and 5 Band 6 Numb er of  Samp l e s i n  C l u s t er 
5 . 0 6 . 3 . 1 3 , 5 5 1  
7 .  2 4 9 . 6  6 0 0  
1 2 . S  9 1 .  7 9 6 9  
.1 7 . 6 1 1 9 . 9 4 6 2  
5 3 . 6 9 .  3 2 0 6  
7 3 . 3 7 2 .  2 I 2 , 6 0 2  
6 8 . 9  9 9 . 6  9 , 5 8 5  
1 0 2 . 9 7 7 . 7  2 , 8 7 9  
8 9 . 6  1 0 0 . 3 7 , 1 2 6  
1 2 1 . 7 9 6 . 0 5 , 0 44 
6 5 . 9  1 1 9 . 3  5 , 9 6 3  
1 3 9 . 9  7 2 . 6  9 2 7  
1 1 6 . 7 1 4 . 6 6 0  
8 2 . 5  1 2 . 4  1 6 0  
9 2 . 6 1 1 8 . 7 2 , 8 2 7  
1 5 7 . 3 9 7 . 5 1 , 1 2 1  
1 9 0 . 0 9 9 . 0  5 7 8 
4 9 . 6 7 8 . 9  5 2 2  
� 
CJl 
l o c a t e d  i n  mod e s  1 0  an d 1 1 . App r o x i ma t e l y  7 0  p e r c en t  o f  
t he s o yb e ans w a s  c l a s s i f i e d a s  b e l ong i ng in . mo de 1 1  w i th 
mo s t  o f  t he r ema i n ing s oybe ans c l as s i f i e d  a s  b e l o n g ing 
i n  mo d e s  7 and 1 5 .  
-
The a t t emp t  t o  r e l at e  s t age o f  matur i ty t o  t h e  
m o d a l  d i s t r i b u t i on o f  t h e da t a  prove d uns u c c e s s fu l  du e 
t o  t he s i gn i f i c an t  o ve r l app i n g  o f  the  mo d e s ( F i gu r e 1 0 ) . 
The  o ve r l ap p r ob l e m c ou l d b e  s o lve d by r ewr i t i ng t h e  
a l g o r i thm t o  l o c a t e  a l arg e r  numb e r  o f  mod e s . As the 
numb e r  o f  mo d e s  t h e  a l g o r i thm i s  ins truc t e d  to  l o c a t e  i s  
i n c r e a s e d , t he r ad i us o f  e a c h  mode i s  d e cr e as e d  and t he 
o v e r l ap i s  r e du c e d . 
The an a l y s i s  o f  t he Aug u s t 1 5  ima g e ry s howe d t h e  
e ff e c t  o f  m a t u r i ty d i f fe r enc e s  o n  t h e  c l a s s i f i c a t i on o f  
c o rn and s o yb e an s . Th e s e d i f fe r en c e s  ind i c a t e t h a t  
t r a in in g  s e t s mu s t  b e  comp o s ed o f  a l ar g e en o u g h  s amp l ing 
o f  t e s t f i e l d s to a c c o u n t  fo r mos t of t h e  v ar i at i ons 
w i t h in a crop s p e c i e s � 
S ept emb e r  2 ,  19 7 2  
I n  o rd e r t o  make t he t r a i n ing s e t  mo r e  r epr e s en -
t a t i ve o f  t h e  f i e l ds in t h e  s t udy ar e a , t h e  numb e r  o f  
t e s t  f i e l ds u s e d  w a s  i n cr e as e d . F o r  S ep t emb e r 2 ,  s even 
c o rn f i e l ds , s ev en s oyb e an f i e l d s ,  and f ive f a l l ow f i e l d s  
w e r e  us e d  a s  t e s t f i e l ds . 
F rom e ac h  t e s t f i e l d , a 6 4  p o int mat r i x  o f  o u t p u t  
4 6  
4 'l 
co d e s  w a s  ana ly z e d .  Th e f r e quency d i s t r i bu t i on s  o f  t he t e s t 
f i e l d  d at a i n  e a c h  E RT S  w ave b an d  ar e s hown i n  F i g ur e s  
1 1  - 1 4 . F i gur e s  1 1  and 1 2  s how l i t t l e  s ep a r a t i o n  o f  
c o rn , s oyb e an s , and fal l ow i n  b and s 4 and 5 .  I n  b ands 
6 an d 7 ( F i gur e s  1 3  and 1 4 ) , almos t comp l e t e s ep a r at i on 
o f  the t h r e e  c l a s s e s w a s  ob t a ined . 
G round t ru t h  me a s u r emen t s  on S ept emb e r  2 i nd i c a t e d  
t hat a l l c o rn f i e l d s  we re t a s s e l e d  and h a d  s m a l l  amounts  
of  exp o s e d s o i l b a ckg r o und . Th e s o�b e an f i e l ds a l s o  had 
l ow amo un t s  of s o i l b ackg round . In  add i t i on , f i e l d s  o f  
b ar e  s o i l  o n l y  w e r e  c ons i de r e d  a s  f a l l ow a s  opp o s e d  t o  
f i e l d s o f  "we e dy" f a l l ow us e d  for th e Augu s t  1 5  i ma g e ry . 
K - C l a s s  r e s u l t s  fo r t he S e p t emb er 2 t e s t  f i e l d  d a t a  
a re l i s t e d  i n  T ab l e  7 .  Th e h i g h e s t p e r c en t  t o t a l c o r r e c t  
c l as s i f i c a t ion u s ing s in g l e  fe a tur e s  was o b t a i n e d  w i t h  
b an d  6 .  Us i n g  two fe atur e s , g o od r e s u l t s  wer e o b t �i n e d  
us i ng b an d s  4 an d 6 a n d  b an ds 5 an d 6 .  F o r t h r e e  f e a t ure s , 
t h e  b e s t  re s u l t s  w e r e · ob t a i n e 4  us in g b an d s  4 ,  6 ,  and 7 
and b ands  5 ,  6 ,  and 7 .  Re s u l t s  u s in g a l l fotir f e a t u re s  
(b ands 4 - 7 )  we r e  a l s o  s a t i s f ac to ry . 
A s  fo r t h e  Au g u s t 1 5 · ima g e ry , an alys i s  o f  t h e  S ep ­
t emb e r  2 imag e r y  in d i c at e d  t h a t  ident i fi c a t i o n  o f  t a s s e l ed 
c o rn , s oyb e an s , and b ar e  s o i l  w�s p o s s ib l e u s i ng b an d s 6 
and 7 o f  t h e  ERTS - 1  imag e ry . 
3 2  
2 8  
� 24  z "' a: 
� 20 
u u 0 
1 6 
� 0 
,.. 1 2  u z "' ::» 8 a "' a: � 4 
F i gur e 1 1 . 
3 6  
3 2  
2 8  .... u z 111 24  a: a: � 8 20 0 
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D i s t r ib u t i o n  o f  S ep t emb e r  2 ,  1 9 7 2  t e s t f i e l d  
d a t a  i n  b and 4 ( 0 . 5  - 0 . 6  µ m ) . 
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F i gu r e  1 2 .  D i s t r i b u t i on o f  S ep t emb e r  2 ,  1 9 7 2 t e s t  f i e l d 
d a t a  in b and 5 ( 0 . 6  - 0 . 7 µ m ) . 
4 8  
3 2  
2 8  
"' u 2 4 z "' a: � 2 0  
u u 0 
1 6  
lo. 0 
> 1 2  
0 z "' ::::> 8 a "' a: I � 4 I 
I ; 
0 
F i gu r e  1 3 . 
3 2  
2 8  
"' 0 2 4  z "' ca: � 2 0  
u u 0 
1 6  
i.. 0 
> 1 2 
0 z "' ::::> 8 a "' ca: 
� 4 
2 0  
F i gu r e  1 4 . 
4 0  





1 1 1 ' ( 1 a 1 1 a ;1 1 � ,, 1 , ,, I �n n , ' '1 
I I (, I I 4 I 1 i"I I I f I 11 f I f\ 
I I 1 I I ,-1 1 1 I I 1 ,  ,1 I I I I I I \ I  .J 11 u I I I �  ,, I I I � � ,1 � \ I I I v ' r \ 1 ·� � I f ' i  / I f.\ \ r- ' J  ,, , ,  
6 0  8 0  1 0 0  1 20 140 . 1 6 0 
COOED OUTPUT PROPORTIONAL TO TRANSMISSION 
D i s t r ib u t i on o f  S ep t emb e r  2 ,  1 9 7 2  t e s t f i e l d  
d a t a i n  b and 6 ( 0 . 7  - 0 . 8 µ m ) . 
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PROPORTIONAL TO TRANSM ISS I ON 
D i s t r i b u t i o n  o f  S ep t emb e r  2 ,  1 9 7 2  t e s t  f i e l d  
da t a  i n  b and 7 ( 0 . 8  - 1 . 1 µ m ) . 
4 9  
Tab l e  7 .  P e r c ent · To t a l C o r r e ct C l a s s i f i c at i o n  o f  S ep t emb e r  2 T e s t F i e l ds  
----· ----� ----· 
F e a tuTe ( s )  in 
Terms o f  





4 , 5  
4 , o  
4 , 7  
I"' h ;:, ' \.i 
Percen t  To t a l  
C o r r e c t  
C l as s  i f  i c  B. t i on 
4 9 � 0 9  
4 3 . 3 4  
8 5 . 1 2 
7 3 . 8 5  
5 6 . 0 8 
8 4 . 2 1 
7 6 . 9 7 
7 9 . 5 2 
F e at u r e ( s ) in  P e r c ent T o t al 
T e rm s  o f  Co r r e c t  
E RTS B and s C l a s s i f i ca t i on 
5 , 7 6 9 . 9 8 
6 , 7 9 0 . 8 7 
, 
4 , 5 , 6  
I 7 9 . 8 5 
4 , 5 , 7 7 8 . 5 4  
4 , 6 , 7 9 0 . 7 1  
5 , 6 , 7 8 8 . 3 2  
4 , 5 , 6 , 7 8 7 . 5 0  
V1 
0 
May 3 0 , 1 9 7 3  
Wi t h  the adven t o f  a n e w  g row ing s e a s o n , t w o  add i ­
t i on a l  s p e c i e s , o a t s  and al f a l fa , w e r e  add e d  t o  t h e  l i s t 
o f  c r o p s t o  b e  i d en t i f i e d us i ng E RT S  imag e ry . F iv e  o a t s .  
f i e l d s an d th r e e  al f a l fa f i e l d s  were s e l e c t e d  a s  t e s t  
f i e l ds dur i ng the  i n i t i a l  1 9 7 3  g r ound t ru th s u rvey . 
On May 3 0 , a l l t h e  c o rn and s oyb e an s  w e r e  i n  t h e  
eme r g e n c e  o r  p r e - eme r g en c e  s t ag e  and h a d  v e ry h i g h  amo unt s 
o f  exp o s e d  s o i l  b ac k g r ound . F ive fi e l d s  o f  b a r e  s o i l  
( f a l l ow)  we r e  u s e d  t o  r ep 1� s ent co rn and s o yb e an s . 
F r om e a ch t e s t f i e l d , a 6 4  p o int m at r ix o f  o u tp u t s  
w a s  ana ly z e d . Th e frequency d i s t r ibut i ons  o f  t h e  May 3 0  
t e s t fi e l d  dat a i n  e � c h  E RT S  b and a r e  s hown i n  F i g u re s 
1 5  - 1 8 .  F i gu r e  1 5  s h ows no s ep ar a t i o n  o f  c l a s s e s in  
b and 4 .  I n  b and 5 ( F i g ure 1 6 ) , s ome d i s c r im i n a t i o n o f  
al f a l f a  f rom o ats  and £ a l l ow was ob t a i n e d . 
F ig u r e s  1 7  and 1 8  s h ow a lmo s t c omp l e t e  s ep ar a t i on 
o f  t he t h r e e  c l a s s e s  in b ands � and 7 , r e s pe c t ive l y . The 
r e fl e ct an c e  d i f f e r en c e s  b e twe en the c l a s s e s
. 
in th e s e  two 
E RT S  b ands  c an b e  t � a c e d  to p e r c e n t  g r o un d  c o v e r  d i f f e r ­
enc e s . I t  h a s  p r evi o us ly
.
b e en me nt i on e d  t h a t  c o rn and 
s o yb e ans o n  May · 3 0  had h i gh amoun t s  of e xp o s e d  s o i l  b ack ­
g round ( 1 0 0  p e r c en t  i n  s ome cas es ) . B o t h  a l f al f a  and o a t s  
c anop i e s w e r e  g r e en , b u t  a l f a l fa h ad v e ry l ow am o u n t s  o f  
exp o s e d  s o i l  b a ck g r o un d  wh i l e  o a t s  had mo de r a t e amo un t s . 
5 1  
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F i gur e 1 6 .  
CODED OUT PUT PR OPORTIONAL TO T R ANSMISSION 
D i s t r i b u t i o n  of the May 3 0  t e s t  f i e l d d a t a 
i n  b an d  5 (0 . 6  - 0 . 7 µ m ) . 
5 2  
F i gu r e  1 7 .  
3 2  
2 8  
w 0 2 4 z w er � 2 0  0 0 0 1 6 � 0 
>. 1 2  0 z w 
� 8 w er � 4 
0 
2 0  
F i gur e 1 8 .  
D i s t r i but i o n  o f  the May 3 0  t e s t  f i e l d d a t a  
i n  b and 6 ( 0 . 7  - 0 . 8 µ m ) . 
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40 6 0  8 0  COOED OUT PUT PROPORTIONAL 
BAND 7 1 1 4 
D i s t r i b u t i o n o f  t h e  May 3 0  t e s t f i e l d  d a t a  
i n  b and 7 ( 0 . 8  - 1 . 1 µm) . 
5 3  
B e c au s e a l l  g r e en , h e a l t hy v e g e t a t i on h a s  s im i l a r r e f l e c ­
t an c e  p r o p e r t i e s  i n  t h e  n e a r  i n fr ar e d  r e g i o � o f  t he s p e c ­
t rum ,  i t  c an b e  c on c l u d e d  th a t  s o i l  b ack gr ound h ad s i g ­
n i f i c an t  a t t e nu a t i n g  e ff e c t s  on t he re f l e c t an c e  o f c o r n , .  
s oyb e an s , and o at s  i n  b an ds 6 and 7 .  
K - C l as s  r e s u l t s  fo r t h e  May 3 0  t e s t  f i e l d  da t a  a r e  
l i s t e d  i n  T ab l e  8 .  Th e r e s u l t s  fo r b an d s  6 and 7 ( 5 8 . 7 
p e r c e n t  and 6 5 . 0  p e r c ent , r e s p e c t ive l y )  d o  n o t a g r e e  w i th 
t h e  g o o d  s ep a r at i on o f  c l a s s e s s h own in F i gure s 1 7  and 1 8 . 
T h e  c on t r ad i c t i o n  b e t w e en -t h e  ant i c i p a t e d  and ac t u a l  
r e s u l t s  c an b e  e xp l a in ed b y  c ons i d e r ing t h e  n atur e o f  the 
K - C l a s s  c l as s i fi e r .  
D u r i n g  d at a  an a l y s i s , t h e  K - C l a s s  c l as s i f i e r  c a l ­
cu l a t e s  t he ove r a l l  m e an and v ar i an c e  o f  t h e  c omb i na t i o n  
o f  t h e c l a s s e s  o f  i n t e r e s t  ( S e rreyn and N e l s on ,  1 9 7 3 ) . 
B e c au s e o f  t he w i de s ep ar at i o n  b e tw e en a l f al f a  w i t h  
h i g h  o u tp u t  c o d e s  and o a t s  and fa l l ow w i t h  l ow o u tput 
c o d e s , t h e  o ve r a l l  v a � i an c e  of t h e  t h r e e  c l a s s e s was 
h i gh . Th i s  c au s e d  t h e  c l a s s i f i e r  t o  co n s i d e r f a l l ow and 
o a t s  a s  o n e  c l a s s arid to l o c a t e on ly one d e c i s i o n  b o un ­
d ary b e tw e e n  c l as s e s  a t  o � t p ut c o d e  = 9 0  i n  b and 6 ( F i g u r � 
1 7 ) . A s i mi l ar ·  s i tu a t i o n  o c cu r r e d  in b and 7 .  The � i de 
s ep ar a t i on b e tw e e n  a l f a l f a  and the o th e r  c l as s e s o cc u r r e d  
o n l y  i n  b an d s  6 a n d  7 o f  t h e  May 3 0  imag e ry .  
5 4  
Tab l e  8 .  P�rc ent T o t a l Co r r e c t  C l a s s i f i cat i on o f  May 3 0  T e s t F i e l ds 
F e ature ( s )  i n  P e r c e n t  T o t a l  F e ature ( s ) in P e r c en t  Tot a l  
T e rms o f  C o r r e c t  T e rms o f  C o r r e c t  
E RTS B ands  C l as s i f i c at i on E RT S  B ands C l as s i f i ca t i on 
4 5 0 . 0  5 , 7  7 3 . · 3 
c: 5 1 .  3 . 6 , 7  7 3 . l .J 
6 5 8 . 7 4 , 5 , 6  7 2 . 9  
,.., 6 5 . 0  4 , 5 , 7  7 6 . 6  I 
4 � 5  6 3 . 9  4 , 6 , 7  7 6 . 9  
4 , 6 7 2 . 8  5 , 6 , 7 7 4 . 2  
4 j 7  7 6 . 3  4 , 5 , 6 , 7 7 6 . 8  
5 , 6 6 9 . 1  
_____ , _ _ __  
V1 
V1 
Th e inva l i d  r e s u l t s  f o r  s ing l e  fe a t u r e s  in d i c a t e  t h at 
i f  s i n g l e  f e a t ur e s a r e  t o  b e  u s ed fo r c l a s s i f i c a t i on ,  
t he de c i s i on b o undar i e s  s h ou l d  b e  det � rm i n e d  v i s u a l l y  
from t he d i s t r ib ut i o n  o f  a s et o f  t e s t  d at a .  T o  m i n im i ze 
e rro r ,  t he K - C l a s s c l as s i fi e r  s h o u l d no t b e  u s e d  w i th 
s i ng l e  fe a t u r e s .  
An a ly s i s  o f  t h e  May 3 0  imag e ry s h ow e d  t h a t  e ar l y  
in t he g rowin g s e as on , i dent i fic at i on o f  f al l ow ( c orn + 
s oyb e an s ) ,  o at s , and a l fal fa was p o s s ib l e  i n  b an d s  6 
and 7 b e c au s e o f  s o i l  b ac k� r o und d i f f e r enc e s . 
Jun e 1 7 ,  1 9 7 3  
T h e  s ame t e s t  f i e l d s  u s e d  f o r  t h e  May 3 0  imag e ry 
w e r e  u s e d  fo r J un e  1 7 .  Ground t ru t h  m e a su r ement s ind i ­
c at e d  t h a t  c o rn and s oyb e an s  ag a i n  had h i g h  amoun t s  o f  
e xp o s e d  s o i l  b ac k g r o un d .  O a t s  we r e  g r e e n , b u t  t he amount 
of s o i l  b a c k g ro un d  h a d  . marke d l y  de c r e a s e d  f r om May 3 0 . 
F r om e a ch t e s t f i e l d , a 6 4  p o i nt m at r i x o f  o utput s 
was an a l y z e d .  The d i s t r ib u t i ons o f  the t e s t  f i e l d  d a t a  
in e a ch ERTS  b and a r e  s hown i n  F ig u r e s  1 9  - 2 2 . F i gu r e s 
1 9  and 2 0  s how l i t t i e s ep ar a t i on o f  t he c l a s s e s i n  b an d s  
4 and 5 .  I n  b ands 6 and 7 ( F igure s 2 1  and 2 2 ) , s epar a ­
t i on o f  f a l l ow ( c o rn + s oyb e an s ) fr om o at s  and a l fa l f a  
w a s  ob t a i ne d . Howeve r ,  b e c au s e o f  t h e  d e c r e as e  i n  the  
amoun t of  s o i l  b ackg r o und i n  c o rn , s oyb e an s , a n d  o at s , 
t h e  r e f l e c t an c e  di f fe renc e s  b e twe en a l f a l f a  and t h e  o t he r 
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D i s t r ib u t i o n  o f  t h e  June 1 7  t e s t  f i e l d  d a t a  
i n  b and 4 ( 0 . 5  - 0 . 6  µ m ) . 
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COOED OUT P UT PROPORTIONAL TO TRANSM ISSION 
F i g u r e  2 0 . D i s tr ib u t i on o f  th � Jun e 1 7  · t e s t f i e l d  d a t a 
i n  b an d  5 ( 0 . 6  - 0 . 7 µ m ) . 
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COOED OUTP UT PROPORTIONAL TO TRANSMISSION 
D i s t r ib u t i on of t h e June 1 7  t e s t f i e l d  d a t a  
i n  b and 6 ( 0 . 7  - 0 . 8 µ m ) . 
I 
ii i i j . 
· I 
I I 
. ) I ; 
i i 
·J 
·'\ / . . I I . � i • . I 
I 
- · - · - · - FALLOW 
--- OATS 
- - - - ALFALFA 
B AND 7 
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, , 11 1 , ,  r" 1 r ,, I 
D i s t r ib u t i o n  o f  t h e  June 1 7  t e s t  f i e l d  d at a  
i n  b and 7 ( 0 . 8 - 1 .  1 µ m )  . 
5 8  
thre e cro p s  had d e c r e a s ed from May 3 0 . I n  f a c t , s i g n i ­
f i c an t  o v e r l app i n g  o f  o at s  and a l f al f a  o c cu r r e d  i n  b ands 
6 and 7 .  
K - C l as s  r e s u l t s  fo r the  t e s t  f i e l d  d at a  a r e  l i s t ed 
i n  T ab l e  9 .  Us i n g  s ing l e  f e a tur e s , the  h i ghes t p e r c ent 
t o t a l c o rre c t  c l as s i f i c a t i o n  was ob t a i n e d  w i th b and 5 and 
b an d  6 .  Wi th two f e a tu re s , the b e s t  r e s u l t s  w e re o b t a i n�d 
us ing  b an d s  4 and 6 and b ands 5 and 6 .  U s i n g  t hr e e  
f e at u r e s ,  g o o d  r e s ul t s  w e r e  ob t a i n e d  us ing b ands 4 ,  S ,  
and 6 and b ands  S ,  6 ,  and _ 7 .  
Ana lys i s  o f  t he June 1 7  imag e ry i nd i c at e d  t h at i d en ­
t i f i c at i on o f  f a l l ow ( c o rn + s oyb e ans ) was  p o s s i b l e  i n  
b ands 6 and 7 .  B e c au s e o f  s im i l ar amount s o f  exp o s e d 
s o i l  b ac k g r ound , i den t i fi c nt i on o f  o at s  and a l f a l f a  was 
no t p o s s ib l e  u s i n g  Jun e 1 7  imag e ry . 
Ju ly 5 ,  1 9 7 3  
The s ame t e s t  f i e l d s  o f  o a t s  and a l f a l f a  u s e d  for the 
June 1 7  imag e ry we r e  us e d  for Ju ly S .  Co r n  and s cyb e ans , 
on the o th e r  h and , cou l d  no l ong e r  b e  rep r � s ent e d  b y  f al ­
l o  � b e caus e o f  a s i gn i f i c an t  de cr e as e i n  the amou n t  o f  
e�p o s e <l  s o i l  b a ck g r ound . · F ive c o rn f i e l d s  and f i ve s oy ­
b e an f i e l d s  w e r e  c ho s en a s  t e s t  f i e l ds t o  r ep l a c e  t h o s e 
u s e d  fo r May 3 0  a�d June 1 7 .  
F r om e a ch t e s t f i e l d , a 6 4  p o int mat r ix o f  o u tput s 
was  an a l y z �d .  Th e f r e qu e n cy di s t r ib u t i on s  o f  the  Ju l y  5 
5 9  
T a b l e  9 .  P er c ert  To t a l Co rr e c t C l a s s i f i ca t i on o f  June 1 7  T e s t F i e l ds 
F e atuy e ( s 1  in • ,I 
T e rm s  o f  





4 , 5  
4 , 6 
4 , 7  
5 , 6  
P e r c ent To t a l  
C o r r e c t  
. C l as s i f i cat i on 
4 3 . 9 9  
3 5 . 5 8  
8 L l 3  
8 4 . 1 3 
4 4 . 5 9  
7 9 . 9 3 
7 6 . 5 6 
7 9 . 6 9  
F ea tur e ( s )  in. 
T erms o f  
E RT S  Ba.nds 
5 , 7 
6 , 7 
4 , 5 , 6 
4 , 5 , 7 
4 , 6 , 7  
5 , 6 , 7 
4 , 5 , 6 , 7 
P e r c ent T o t a l  
C o rr e c t  
C l as s i f i cat ion 
7 7 . · 0 4  
7 8 . 9 i 
8 0 . 2 9  
7 8 . 1 2 
7 8 . 0 0 
8 0 . 2 9  
7 9 . 9 3 
0-. 
0 
t e s t f i e l d  d a t a  i n  e ach ERTS b and are  s hown i n  F i gur e s  
2 3  - 2 6 . F i gu r e  2 3  s h ows no s ep a r a t i on o f  c l a s s e s i n  
b an d  4 .  F i gur e 2 4  s hows t h a t  i n  b and 5 ,  s i g n i f i c an t  
s ep ar a t i on · o f  s oyb e ans from t he o th e r  t h r e e  c l as s e s was 
ob t ained . 
F i gu r e s  2 5  an d 2 6  s how s ome d i s cr im i nat i on o f  a l f a l -
fa  and c o rn . As i n  t h e c a s e in t h e  n e a r  i n fr a r e d  r e g i on 
o f  the  s p e c t rum ,  a l f a l fa wa s h i g h l y r e fl e c t ive b ec au s e 
o f  i t s  d e n s e , g r e e n  c anopy . Th e r e f l e c t ance  o f  c o rn w a s  
g r e at e r  t han s oyb e ans b e c au s e  of l e s s e r amount s o f  exp o s ed 
s o i l  b a c k g r ound . 
The  r e f l e c t an c e  o f  o at s  · had d e cr e a s ed f r om Jun e  1 7  
du e t o  t he app r o a c h  o f  matur i ty . G r o und t ru th pho t o ­
g r aph s t a k e n  o n  J u l y  5 i n d i c a t e d  t h a t o a t s  h ad b e g un t o  
turn b r own . The app r o a c h  o f  s e n e s c en c e r e du c e d t h e  r e ­
f l e c t an c e  o f  o a t s  i n  b an d s  6 and '7 .  
K - C l a s s  re s u l t s  for the  Ju l y  5 t e s t f i e l d  da t a  are  
l i s t e d i n  T ab l e  1 0 . Re s ul t s w e r e  g ene r a l l y  po o r  b e c au s e  
o f  t h e. r e f l e c t an c e s im i l ar i t i e s i n  al l four E RT S  b and s . 
T h e  h i g he s t p e r c ent t o t a l  c o r r e c t  c l a s s i f i c a t i o n  (. 7 8 . 7 
p e r c en t )  w a s ob t a i n e d  u s ing a l l four f e atur e s . 
T h e  ... h.1 1. y  5 . l mag e ry w a s  a l s o  an a l y z e d u s ing a r a t i o  
b e t�·...- e en
_ 
t 1 • e  o u t p -µ t  c o d e s  0 £  b a n d s  5 and 6 � The r a t i o 
( a - I d 5 ·' ] u·· 0 d l-- 0 '- U p p 1· e s c:: s o 1· ]_ b a c 1.:rg r o un d . B an � 6 , B an . J x . w a s  u s e � � _ - �  � 
an d enh an ce ve g e t a t i o n . T h i s r a t i o  s u cce e d e d i n  en�an c ing 
6 1  
3 2  
2 8  
w 
0 2 4 z w a: � 2 .0  (.) (.) 0 1 6  
u. 0 
>- 1 2 
(.) z w ::> 8 0 w a: 
u. 4 
- · - · - · - CO R N  
· · · · · · · · · SOY B E A N S  
- - A L FA L F A 
----- O AT S  
I 1 · . I  
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F i gu r e  2 4 . 
CO D ED O UT P UT P R OPORTI O N A L T O  T R A N SM I S SIO N 
D i s t r ibut i on o f  t h e  Ju ly 5 t e s t  f i e l d d a t a  
in b and 5 ( 0 . 6  0 . 7 µm) . 
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6 3  
Tab l e  1 0 . P e r c ent To t al C o r r e c t  C l a s s i f i cat i on o f  Ju ly 5 T e s t  F i e l d s 
F e a ture ( s ) i n  
Terms of  · 





·l ' r 
4 ' 6  ' ' 
4 ., l' I 
S , 6  
-�·-----· 
_,,,,,_ _ ____ ..... � 
P e r c en t  To t a l  
Co rr e ct 
C l as s i f i c at i on 
4 8 . 9  
5 3 . 3 
5 0 . 8  
4 9 . 4 
6 0 . 9  
5 9 . 5  
6 2 .  ·5 
6 9 . 5 
F e ature ( s )  in 
Terms o f  
ERT S  B and s 
5 '  7 
6 , 7  
4 , 5 , 6  
4 , 5 , 7  
4 , 6 , 7  
5 , 6 , 7  
4 , 5 , 6 , 7  
P e r c ent To t al . 
C o rr e c t 
C l a s s if i cat i on 
7 2 . 2  
6 7 . 7 
7 6 . 8  
7 5 . 5  
6 9 . 2  
7 5 . 6 
7 8 . 7 
0\ 
� 
ve g e t at i on t h a t  was  h i g h ly r e f l e c t ive i n  b and 6 ,  p ar t i cu ­
l a r l y  a l f a l fa . Howeve r ,  an a l y s i s  o f  a r at i 6  map o f  
t h e  s t udy a r e a  i nd i c a t e d  t h a t  t h e  e ffe c t  o f  t he r at i o  
up o n  c o rn , s oyb e ans , an d o at s  was m i n imal . Th i s  s ug g e s t s 
-
t ha t  fo r t h i s  r a t i o  t o  a i d  c ro p  i d e n t i f i c a t i on , i t  s h o u l d  
b e  us ed e ar l i e r  i n  the g r ow i n g  s e a s on w h en s o i l  b ac kg r ound 
i s  a mo r e  s i g n i f i cant f a c t o r  in can op y r e f l e c t an c e . 
An a l y s i s  o f  the  .Ju l y  5 imag e ry ind i c a t e d  t h a t  o at s , 
� o rn , and s oyb e ans c o u l d  not  b e  i d e n t i f i ed b e caus e o f  
r e f l e c t an c e  s im i l a r i t i e s . _ Qnly a l f a l f a  w i t h  d e ns e , g r e en 
c anop i e s  c o u l d b e  i d e n t i f i e d us ing Ju l y  5 i m a g e ry .  
Augu s t  2 8 , 1 9 7 3 
The s ame t e s t f i e l ds us e d  on Ju ly 5 w e r e  us e d  fo r 
Augu s t  2 8 .  G r ound t ru t h  ind i c a t e d  that  al l o at s  f i e ld s  
had b e e n  h arve s t ed .  C o rn h a d  t as s e l e d and h a d  v e ry l ow 
amount s  o f  e xp o s e d  s o i � b a ckgr oun d . S oyb e an s  and a l f a l fa 
a l s o had l ow amoun t s  o f  expo s e d s o i l  b ac kg ro und . 
F r om e a ch t e s t f i e ld ,  a 6 4  p o i nt mat r ix o f  outpu t s 
was an a l y z e d .  The f r e quency d i s t r i b u t i on s  b f  t h e  t e s t  
f i e l d  d a t a  i n  e ach E RTS b and are s hown i n  F i g ur e s  2 7  - 3 0 . 
F i g u r e 2 7  s h ow s t ha t  n o  s ep a ra t i on o f  t h e  f o u r  c l a s s e s  
w a s  ob t a i ne d  i n  ·ban d 4 .  F i g ure 2 8  s h ows t h a t  i n  b and 5, 
s ome s ep a r at i on o f  h a rve s t ed o a t s was o b t a i ne d .  The ou t ­
put  c o d e s  o f  o at s  t h a t  w e r e  s ep a r ab l e  c am e  f r om a t e s t 
f i e l d  w i th l a rg e  amoun t s  o f  d e ad v e g e t a t i o n  c o ve r i n g  th e  
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Fig u r e  2 8 .  
COD ED OUT P UT PROPORTIONAL TO T R ANSM ISSION 
\ 
D i s t r i b ut i on o f  t h e  Aug u s t 2 8  t e s t f i e l �  d a t a  
i n  b and 5 ( 0 . 6  - 0 . 7 µ rn) . 
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F i gu r e  2 9 . D i s t r i b ut i on o f  t h e  Aug us t 2 8 t e s t f i e ld d a t a  
i n  b and 6 ( 0 . 7 0 . 8 µm) . 
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B A ND 7 
F i g u r e  3 0 . D i s t r i b u t ion o f . t h e  Aug us t 2 8  t e s t f i e l d  d a � a  
i n  b an d  7 ( 0 . 8  1 . 1 µ m) .  
6 i  
6 8  
s o i l  s u r f ac e .  
I n  b and s 6 and 7 ( F i gu r e s  2 9  and 3 0 ) , s om e  s ep ar a t i on 
o f  o at s , c o rn , and s oyb e an s  was  ob t a i n e d . Th e r e f l e c t an c e  
o f  c o rn i n  b an d s  6 and 7 w a s  l e s s t h an s oyb e ans and a l f a l f a  
b e cau s e  o f  t as s e l i ng . The r e f l e c t anc e o f  h arves t e d o a t s  
was l e s s t h an t h e  o th e r  t hr e e  c l a s s e s b e c au s e o f  t he 
l arg e amoun t s  o f  s o i l  b a ckg r o und in t h e  harve s t  f i e l ds . 
Al f a l f a  w �s i n d i s t ingu i s hab l e  f r om s oyb e ans b e c aus e o f  
s im i l ar i t i es i n  p e rc ent g ro und c ov e r . 
K - C l as s  r e s u l t s  fo r � h e  Augu s t - 2 8  t e s t  f i e l d  d a t a  
a r e  l i s t e d  i n  ·Tab l e  1 1 . Th e l ow c l a s s i f i c at i on a c cu racy 
o ccu r r e d  l arg e ly b e c aus e of confus i on b e twe en s oyb e an s  
and a l fa l fa .  
An a lys i s  o f  t h e  Augus t 2 8  imag e ry i n d i c a t ed t ha t  
h arve s t e d  o a t s  and t a s s e l e d c o rn cou l d  b e  i � en t i f i e d . 
S oyb e an s  c o u l d a l s o b e  _ i d e n t i f i e d ,  p ro v i d e d t h e  amo u n t  
o f  a l fa l f a p r e s e n t  was  ne g l ig ib l e .  
A s ummary o f  t h e  c l as s i f i c a t i on r e s u l t s  o f  cr ops  
w i th i n  t h e  s t u dy area  is  l i s t e d  i n  T ab l e  1 2 . Th e s e  r e s u l t s  
indi c at e  t h a t  b ands 6 an d 7 ar e � he mo s t  u s eful fo r c r op 
i d en t i f i c a t i o n . I n  an a r e a  wh e r e  c o r n , s cyb 8 -�i ;� s , o a t s , .. 
an. d a l f rl 1 f a  a � e  t h e  ma j o r  c r o p s , e a r l y  s e a s on in�. �� y. e X' )T 
c. a n  b e  . .u s e d t o  i d e n t i f y o at s  and a l fa i f a . I n  add i t i o n , 
corn and s o yb e an s  wh i c h app e ar _ as b ar e  s o i l  e a r l y i n  
t h e  g r ow i n g s e a s on c an b e  i d en t i fi e d . L a t e  s e a s on lm ag c ry 
Tab l e  1 1 . P e r c ent T o t al  Corr e c t  C l as s i f i c at i on o f  Augus t 2 8  T e s t F i e l d s 
Fe a t ur e ( s )  in P e rc ent To t a l 
T e rm s  o f  Cor r e c t 
ERTS B ands Cl as s i f i cat ion 
4 3 9 . 6  
s 4 4 .  1 . 
6 5 2 . 6  
7 5 5 . 0  
4 , 5  4 6 . 2  
4 , 6  6 3 . 3 
4 , 7 6 6 . 9  
5 , 6  6 2 . 9 
---- -·---
F e atur e (_ s )  
T e rms o f  
ERT S  B ands 
5 , 7 
• 6 , 7  
4 , 5 , 6 
4 , 5 , 7 
4 , 6 , 7 
5 , 6 , 7 
4 , 5 , 6 , 7 
in P erc ent T o t a l  
C o rrect  
C l as s i fi c at i o n  
6 8 .  D 
5 6 . 5  
6 2 . 8  
. 6 7 . 6 
6 6 .  6 . 
6 7 . 7 
6 6 . 4 
°' 
� 
T ab l e 1 2 .  S ummary o f  S tudy Ar e a  C ro p  I d en t i f i c a t i o n  
D a t e  ERTS B an d s  
----- - ----·--··----- ---�--- ------
Aug u s t 1 5  � 1 9 ·7 2  6 '  7 
S ep t e mb e r  2 ,  1 9 7 2  6 '  7 
May 3 0 , 1 9 7 3  6 '  7 
· --------...-�-
C r op I d en t i f i c a t i o n  Re s u l t s  
F a l l ow ( b ar e  s o i l )  c o u l d  b e  i d e n t i f i e d b e �  
c au s e o f  a l ow e r r e fl � c t an c e  t h an ve g e t at i on 
i n  b an d s  6 and 7 .  
S o yb e an s  c o u l d  n o t  b e  d i s t i n gu i s h e d  from 
un t a s s e l e d  c o rn b e c aus e of r e f l e c t an � e  s imi · 
l ar i t i e s . 
T a s s e l e d c o rn and s oyb e an s  c o u l d  b e  d i s ­
. c r im i na t e d  b e c a u s e t a s s e l i ng redu c e d r e ­
f l e c t an c e  o f  c o rn i n  b an d s  6 and 7 .  
F a l l ow c ou l d  b e  i d e n t i fi e d b e c au s e o f  a 
l ow r e f l e c t an c e i n  b and s 6 and 7 .  
T a s s e l e d c o r n  an d s oyb e a ns c o u l d  b e  d i s ­
c r i m i n a t e d  b e c au s e o f  r e f l e c t an c e  d i f f e r en c e s 
due t o  t a s s e l i ng � 
Co rn and s o yb eans app e a r e d  a s  b a re s o i l  
b e c au s e  o f  h i g h amo un t s o f  expo s e d s o i l  b ack ­
g ro und . 
O a t s , w i t h  mo d e r a t e  amount s o f  e xpo s e d 
s o i l  b a ck g r o un d , c o u l d b e  d i s t i ngu i s h e d  from 
c6rn and s oyb e an s  i n  b an d s  6 and 7 b e c aus e o f  
a h i gh e r  r e f l e c t an c e . 
'-l 
0 
D a t e  
June 1 7 � 1 9 7 3  
J u ly 5 ,  1 9 7 3  
T ab l e . 1 2 .  ( c on t i nu e d )  
· '  ERT S  B an d s  
6 ' 7 
6 ,  7 
C r op I d e n t i f i c a t i o n  R e s u l t s  
A l f a l f a , w i t h  den s e ,  g r e e n c anop i e s and 
l ow amount s o f  · e xp o s e d  s o i l  b a c kg r o un d , had 
r e f l e c t an c e s  wh i ch w e r e  mu ch h i g h e r  t h an c o rn , 
s oyb e an s , and o a t s . T hu s , a l f a l f a  w a s  i d e n -
t i f i e d . 
· 
C o rn and s o yb e an s  c o u l d  b e  i d en t i f i e d 
b e c aus e o f  h i g h  amo un t s  o f  e x p o s e d  s o i l  b a ck -
g r o und . 
' 
O a t s and a l f a l f a  co u l d  n o t b e  d i s c r i m i ­
n a t e d  b e c au s e b o t h  c r op s h ad s im i l ar amo un t s  
o f  ex p o s e d s o i l  b a c kg r o und . 
S oyb e ans , w i t h mo d e r a t e  amo un t s  o f  e x p o s e d 
s o i l  b a ck g r o und , · c o u l d  no t b e  d i s t i n g u i s h e d 
fr om o a t s t h at w e r e  app r o a ch i ng s e n e s c en c e  
b e c aus e o f  r e f l e c t an c e  s im i l a r i t i e s i n  b a n d s  
6 a n d  7 . 
S o me c o rn , w i th l e s s e r amo un t s  o f  e xp o s e d 
so i l  b a ckg r o und t h an s oyb e an s , c o u l d b e  i d e n t i ­
f i e d . 
Al f a l f a  was i d en t i f i ed b e caus e o f  i t s  l ow 




Au g us t 2 8 , 1 9 7 3  
T ab l e  1 2 . ( co n t i nu e d )  
E RT S  B ands 
5 '  6 '  7 
C r op I d en t i f i c a t i on R e s u l t s 
S ome  f i e l d s o f  h a rve s t ed o a t s  w i t h h i g h  
amo un t s o f  d e ad ve g e t a t i o n  c ov e r i n g  t h e  s o i l  
s u r f  a c e  w e r e  i d ent i f i e d i n  b an d  5 b e c au s e o f  
a h i g h e r r e f l e c t an c e  t h an s u r ro un d i ng s ur f a c e s . 
F i e l d s  o f  h ar v e s t e d o a t s  w e r e · i d� n t i f i e d 
i n  b ands 6 an d  7 b e c au s e  o f  a l ow r e f l e c t an c e . 
S 6 yb e an s  an d t a s s e l e d c o r n  G ou l d b e  d i s ­
c r iminat e tl  i n  b an d s  6 and 7 b e c au s e  o f  t a s s e l -
i n g . 
Al f a l f a and s oyb e an s  c o u l d no t b e  d i s ­
cr i m i n a t e d  b e c au s e b o th c r o p s  h ad d e ns e , g r e en 
c anop i e s  and l ow amount s  o f  exp o s e d  s o i l  b a c k ­




c an b e  u s e d  t o  i d en t i fy t a s s e l e d  c o rn and s oyb e an s . Thus , 
i t  c an b e  c o n c l u d e d  t h a t  i m ag ery f r om o n l y  two s e l e c t e d 
dat e s  i n  t h e  g row i n g s e a s o n mu s t b e  an a l y z e d t o  i d ent i fy 
c o rn , s o yb e an s , o a t s , an d a l f a l f a .  
C l a s s i f i c a t i o n  o f  C l ay C o un ty 
B a s e d  up o n  r e s u l t s  p r e v i o u s ly d i s c u s s e d ,  a d e c i s i on 
was m ade t o  c l as s i fy C l ay C o un t y  i n t o  l an d u s e c a t e g o r i e s  
u s i n g  b an d  7 o f  t h e  M ay 3 0  im ag e ry .  T h e  c a t e g o r i e s  c on ­
s i s t e d o f  :c o r n , s oyb e an s , o at s , a n d  a l f a l f i.t. .  B e c aus e c o rn 
�nd s oyb e an s  app e a r e d  as b are s o i l  o n  M ay 3 0 , t h e  a s s ump ­
t i on w a s  m a d e t h a t the t o t al amou n t  o f  f a l l ow w a s  e q u a l  
t o  the sum o f  c o rn an d s oyb e an s . The d e c i s i o n b o und ar i e s  
b e twe en t h e  c a t e g o r i e s  w e r e  d e t e rm i n e d  from t h e  d i s t r i ­
b u t i o n  o f  the May 3 0  t e s t f i e l d  d a t a in b an d  7 ( F i g u r e  
1 7 ) . 
A c l a s s i f i c a t i on m ap o f  C l ay C o un ty w a s  p r i n t e d  an d 
an a l y z e d .  The r e s u l t s  are l i s t e d  i n  T ab l e  1 3 ..  T o  d e ­
t e rmine  t h e  a c cur a cy o f  t h e  r e s u l t s , a compa r i s on w a s  ma.de 
w i t h  fi gur e s  p r ov i d e d  by the  Ag r i c u l t u r a l  S t ab i l i z a t i o n  
an d C on s e rv at i o n S e r v i c e  ( AS C S )  o f  C l a y  C o un t y  l o c a t e d  
i n  V e rm f l l i o n .  Th e f i g u r e s  p r o v i d e d b y  A S C S w e r e  fo r 
8 9  p e r c e n t o f  the t o t al f a rm l an d i n  C l ay C o unt y . 
A l and u s e map o f  C l ay C o u n ty b a s e d  o n  t h e  c l a s s i ­
f i c at i on r e s u l t s  i s  s t10vm in F igure  3 1 . · P o r t i on s  o f  t h e  
M i s s o ur i R i v e r  a n d  N e b r as k a app e a r i n  t h e l owe r p ar t  o f  
T ab l e  1 3 s  C l ay County C l as s i f i c a t i on Resu l t s  f o r  May 3 0 , 1 9 7 3  
_____ __ ._._.. _ _ __ __ _... ____ , 
C r op 
F a l l ow ( Co rn + S oyb e an s )  
O a t s  
Al f a l f a  
AS C S  F i gur e s  f o r  8 9  P er c en t  
o f  To t al F arml and 
( h e c t ar es ) 
5 2 , 7 0 7  
5 , 4 6 5  
Unknown 
Resu l t s  U s ing ERT S  
( h e c t ar e s ) 
5 0 , 2 2 7  
2 3 , 1 9 2  





F i g u r e  3 1 . .l-\. 1. e:i. ll. d  u s  c m ap o f  C l ay Cou::i t. y  p r ep a r e d  f r orn 
}fr�y  3 0  F RT S  i n fo rm a t i o n . 
Wh i t e  
G r ay 
B J.. a c k  
- ·  r a l J. ow ( Co rn + Soyb e a f! c: ) 
- C)i;1 t s  + Al f a l fa 
- C) t h e r  
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th e m ap . 
Th e r e s u l t s  l i s t e d i n  T ab l e  1 3  i n d i c a t e t h a t t h e  
c l a s s i f i c a t i o n  o f  c o rn an d s o yb e an s  w a s  a c cu r a t e . C l as s i ­
f i c a t i o n  o f  o at s , h o w e v e r ,  w a s  i n a c c u r a t e .  An an a l ys i s 
o f  t h e  c l a s s i f i c a t i on m ap i n d i c a t e d  t h a t  e s s e n t i a l l y  a l l  
g r e e n  ve g e t a t i o n e x c ep t a l fa l f a w a s  m i s c l a s s i f i e d a s  
o a t s . AS C S  f i g u r e s  f o r  a l fa l f a  w e r e  n o t  av a i l ab l e . 
Th e s u c c e s s ful c l a s s i f i c at i on o f  c o r n  an d s o yb e an s  
i n d i c a t e s  t h a t , e a r l y  i n  t h e  g r ow i n g . s e a s on , a p r e d i c ­
t i o n o f  t h e  amo un t o f  t h e � e two c r o p s  p l an t e d  w i t h i n a 
g i ve n  r e g i o n i s  f e a s i b l e .  H ow ev e r , t h e a s s u mp t i o n  t h a t  
t h e  amo u n t  o f  b a r e  s o i l  i s  e q u a l  t o  t h e  s um o f  c o rn and 
s oyb e an s  c an on l y  be ap p l i e d  to r e g i o n s  wh e r e  c o r n and 
s o yb e an s  are t h e  p r e d o m i n an t c r op s . 
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C l ay C o un ty w a s  then c l a s s i f i e d  us i n g  b �nd 7 o f  t h e  
Au gus t 2 8  i m a g e ry .  I m ag e r y f r om t h i s  d a t e  w a s  u s e d  b e c au s e 
c o rn w a s  t a s s e l e d and c o u l d  b e  d i s t i n gu i s h e d f r om s oyb e an s . 
A l f a l f a  w a s  n o t  u s e d  a s  a l an d  u s e c a t e g o ry f o r  t h i s  
d a t e . Th e d e c i s i o n  b o un d a r i e s  b e tw e e n  c a t e g o r i e s w e r e  
d e t e rm i n e d  f r o m  t h e  d i s t r i b u t i o ns o f  t h e  Au g u s t 2 8  t e s t 
f i e l d  d a t a i n  b an d  7 ( F i g ur e 2 9 ) . 
A c l as s i f i c a t : on map w a s p r i n t e d  an d  an a ly z e d . T h e  
r e s  u 1 t s ·  a r e  · j s t e d i n  T ab 1 e 1 4 . T h e  1 and u s  e m ap b a s  e d 
o n  c l a s s i f i c a t i on r e s u l t s  i s  s h own i n F i gu r e  3 2 . 
A c omp a r i s o n o f  t h e  r e s u l t s w i t h  AS C S  f i g u r e s  i n d i c a t e s  
Crop 
Co rn 
Soyb e ans 
O a t s  
.T ab l e  1 4 . C l ay County C l as s i f i c a t i on Res u l t s  for  Augus t 2 8 , 1 9 7 3  
AS CS F i g u r e s  for  8 9  P er c en t  
o f  T o t a l  F arml and Resu l t s  Us ing ERTS 
( h e c t ar e s ) (he c t ar e s )  
· -
3 6 , 0 7 9 3 8 , 8 4 9 
1 6 , 6 2 8  2 0 , 4 6 8  
5 , 4 6 5  9 , 2 9 9  
'-l 
-....J 
F i g u r e  3 2 . A l an d  u s e m a p  o f  C l ay C oun ty p r e p � r e d f r om 
Au g u s t 2 8  E RT S  i n f o rmat i o n .  
B l a ck 
G r ay 
¥lh i  t e  
= S o yb e an s  
= C o rn 
= O a t s  + O th e r 
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t h a t  t h e  c l as s i fi c a t i on o f  co rn and s oyb e an s  w a s  a c cu r at e .  
The c l as s i f i c a t i on o f  o a t s  was  l e s s a c c u r a t e b e c au s e mo s t  
s ur f ac e s  w i th l ow r e f l e c t an c e s  w e r e  c l as s i f i e d  a s  o at s . 
-The  s u c c es s ful c l as s i f i c at i on o f  c o rn and s oyb e an s  
i n d i c a t e s  t h a t  l at e  s e as on ima g e ry c an b e  u s e d  t o  make 
an a ccur at e a r e a l  p r e d i c t i on o f  t h e  two c r o p s  w i t h i n  a 
g i ven re g i on .  
Th e c l as s i f i c at i on r e s u l t s  f o r  C l ay C oun t y  s how 
t h a t  E RT S  i nfo rmat i on can b e  a us e fu l  t o o l  fo r mak i ng 
r e g i on a l  inven t d r i e s  o f  co rn and s oyb e an s , p r ov i d e d  
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imag e ry f rom t h e  c o rr e c t  d a t e  i n  t h e  gr ow i n g  s e a s o n  i s  
an a ly z e d .  Th e app l i c a t i ons  o f  E RT S  i n fo rmat i on t o  r e g i on a l  
s u rveys o f  o at s  i s  un c e rt a in b e c au s e o f  c o n fu s i on w i th 
o t h e r  ve g e t at i on .  E RTS in forma t i o n  c an a l s o  b e  us e d  
fo r a l f a l fa s u rv ey s  e ar ly i n  th� g r o w i n g  s e a s o n . 
S UMM�RY AN D CON C L U S I ON S  
A s t udy w as c o n du c t e d  to i nv e s t i g a t e . t h e  app l i c a t i o ns 
o f  E R T S - 1  im a gery t o  cr o p  r e s o ur c e  e v a l u a t i o n  and i nv e n ­
t o ry .  F o u r  c r op s p e c i e s c o n s i s t in g  o f  c o r n , s o yb e a n s , 
o a t s , an d a l f a l f a  w e r e  s e l e c t e d f o r  s tu dy i n  C l ay C o un ty 
i n  s o u t h e as t e rn S o u t h  Dako t a .  E RTS - 1  i m a g e ry f r om s i x 
d a t e s _ i n  two g r o w i ng s e a s o n s  w a s  an a l y z e d u s ing au t om a t i c 
an d m an - a s s i s t e d  d i g i t a l  t e c hn i qu e s .  
T h e r e s u l t s  f r o m  t h e - an a l y s e s  s h ow e d  t h a t  b an d  6 
( 0 . 7  - 0 . 8 p m )  and b a nd 7 ( 0 . 8  - 1 . 1 µ m )  w e r e  t h e mo s t  
u s e f u l  f o r  i <l e n t i fy i n g  th e f o ur c r o p  s p e c i e s . I ma g e r y  
f r o m  b an d  4 ( 0 . 5  - 0 . 6 µ m )  an d b an d  5 ( 0 . 6  - 0 . 7 µ m ) 
w a s  u s e fu l  i r; s � m e  i n s t an c e s , b u t  o n l y wh en u s e d  i n  c o n ­
j u n c t i o n  w i t h b an d �  6 and 7 .  
An a 1 y s  i s  o f  i m a g e :r--y f r o m  May 3 0 , 1 9  7 3 s h ow e d  t h a t 
s a t e l l i t e - a c q u i r e d  i n f o rma t i o n  f o r  an e a r l y  p e r i o d i n  
t h e  g -r ow i n g s e a s o n c an b e  u s e d  t o  i d e n t i fy o a t s  and 
a l f a l f_a . S i n c e  c o rn an d s ·-; yb e an s  app e a r  as b a:c e s o i l  
b e � aus e o f  h i g h 9.mo u n t s  o f  e xp o s e d. s o i l  b a c k g r o :.m cl  e ar ly 
in t h e  g r ow in g  s e a s o n , t h e  s am e  e a r l y s e a s o n imag e ry c an 
· b e  u s e d  t c  d e t e rm i ne t he t o t al amo u n t  o f  t b. c. s e  tvrn c r o p s  
w i t h  i n  a g i v e n. r 8 g i o 1·L T h e  u s e o f  b ar e  s o i l  a s  a n  i n­
d i c a t o r o f  t h e am o un t  o f  c o r n  and s o y b e an s  c <::J-1� o n l y  b e  
u .s e d fo r s i t  u a t  i o n s  ·w h e  r c t h e  p e r  c· e :1 t g r () u n d c o v e r  E ;  
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app r o x ima t e l y  2 5  p e r c en t  o r  l es s  and i n an ar e a  wh e r e  
co rn and s o yb e an s  a r e  t h e  p re d om in an t  c ro p s . 
An a l ys i s  o f  i ma g e ry f r om Aug us t 2 8 , 1 9 7 3  s howe d  t h a t  
s at e l l i t e - a cqu i r e d  i n f o rma t i on f r om a p e r i od l a t e i n  t he 
g r ow i n g s e a s o n c an b e  u s e d  t o  d i s c r i m in a t e  b e tw e en c o rn 
and s oyb e an s . D i s c r i m i n a t i on o f  c o rn and s oyb e ans w a s  
p o s s ib l e  us ing t h e  t e chn i que s o f  t h i s  s tudy on l y a f t e r  
the co rn h a d  t as s e l e d . 
The r e s u l t s  f o r  May 30 and Augu s t 2 8  ind i c a t e t h a t  
i m a g e r y  f rom on l y  tw o d a t � s  i n  t h e  g r ow i n g  s e a s o n  mus t  
b e  an a l y z e d  t o  i d ent i fy corn , s oyb eans , o a t s , and a l f a l fa . 
C l ay County w a s  c l a s s i f i e d i n t o  l an d  u s e c a t e g o r i e s 
u s i n g  E RT S .- 1  i m a g e ry from May 3 0  an d Au gus t 2 8 .  T h e  
c l a s s i f i c a t i on r e s u l. t s  for c o rn and s oyb e an s  w e r e  i n  
e x c e l l e n t  a g r e em e n t  w i t h f i g u r e s  p r o v i d e d  b y  A S C S . Al ­
t h o u g h  no c om p a r i s o n f i g ur e s f o r  a l f a l f a w e r e  av a i l ab l e , 
i t  app e ar s  t h a t  a l f a l f a was c o r r e c t ly c l a s s i f i ed .  
Th e r e s ul t s o f  t h i s  s t u dy i n d i c a t e  t h at - s a t e l l i t e ­
a cqu i r e d  .i n fo rma t i o n  c an b e  a u s e ful t oo l  -fo r mak i ng 
r e g i ona l c r o p  s u r v e y s . How e v e r , t he p r o c e dur e s  u s e d  i n  
� h i s  s t udy = a n  o n l y  b e  app l i e d w i t h i n a g i v e n  c r opp i ng 
p a t t e rn .  P.. p r i o r  know l e d g e  o f  t h e  l an d  u s e p a -f· t e r n s  
1 · i t h i n  a g i '/en r e g i on i s  r 0qu i r e d  b e fo r e c r op s u rvey s c an 
b e  c o n d u c t e d . 
A t e c hn i q u e  fo r u t i l i z a t i o n o f  s t a t e - o f - t h e - a r t  
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imag e ana lys i s  p ro c e du r e s i n c ro p  s urveys h a s  b e en e s ­
t ab l i s he d .  
.
W i th t h e  p r o c e dur e s  us e d  in t h i s  s tu dy and 
t hos e d eve l op e d  b y  o th e r  r e s e ar che rs , t h e  ·u t i l i z at i on 
o f  s �t e l l i t e � fo r 6r o p  r e s our c e  eva lu a t i o n  and i nven t o ry 
c an b e  a r e a l i ty .  
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